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FOREWORD 


This  report  was  prepared  by  the  San  Diego  Operation  of  Convair  Aerospace  Division 
of  General  Dynamics  Corporation,  San  Diego,  California,  under  Contract  F33615-74- 
C-4068,  Project  No.  C093.  The  contract  was  initiated  on  1  January  1974  and  was 
effectively  concluded  in  August  1974  with  the  submission  of  this  report.  The  Air  Force 
program  study  manager  was  John  R .  Cathey,  ASD/XRHD,  Aeronatuical  Systems  Div¬ 
ision,  Deputy  for  Development  Planning,  Directorate  of  Advanced  Systems  Design, 
Preliminary  Design  Division,  Design  Technology  Group.  The  author  wishes  to  thank 
Mr.  Cathey  for  his  able  assistance  and  guidance  during  the  execution  of  this  contract. 

The  Aircraft  Flying  Qualities  Program  was  Initially  developed  under  Contract  F33615- 
73-C-4081  conducted  from  1  January  1973  to  1  September  1973.  The  study  Just  con¬ 
cluded  was  for  further  development  and  validation  of  the  program's  utility  and  credi¬ 
bility  in  a  preliminary  design  environment. 

Mr.  G.  Place  of  the  Convair  Aerospace  Division  was  the  study  manager  for  this  study. 
Significant  contributions  to  the  study  were  made  by  H.  M.  Altmann  and  L.G.  Barbee, 
stability  and  control,  G.  F.  Campbell,  Jr.,  flying  qualities  and  E.R.  Neuharth,  com¬ 
puter  programming,  all  of  Convair  Aerospace  Division. 


ABSTRACT 


This  report  describes  a  digital  computer  program  which  calculates  the  longitudinal 
and  lateral-directional  stability  and  control  derivatives  and  aircraft  flying  qualities 
for  a  Mach  number  range  for  0  -  3.0.  The  report  consists  of  four  volumes.  Vol¬ 
ume  I,  Users  Manual,  contains  a  detailed  description  of  the  input/output  options, 
program  limitations,  input/output  data,  and  a  set  of  sample  problems.  Volume  II, 
Methods  Formulation  Manual,  outlines  the  methodology  and  source,  range  of  appli¬ 
cability,  and  modifications.  Volume  m,  Computer  Programming  Manual,  outlines 
the  program  organization,  input/output  of  each  module/subroutine,  module  or  subrou¬ 
tine  function,  program  listings  and  flow  charts.  Volume  IV,  Program  Assessment/ 
Correlation  Report,  presents  the  results  of  the  correlation  studies  and  conclusions 
pertaining  to  the  validity  of  the  methodology.  The  computer  program  is  written  in 
Fortran  IV  Extended  language  for  the  CDC  6600  operating  system.  However,  it  is 
designed  to  be  adapted  to  other  operating  systems  because  use  of  unique  features 
peculiar  to  a  givtn  processor  has  been  avoided  whenever  practical .  User  oriented 
features  are  included  in  the  program  to  provide  minimum  input  data  requirements, 
flexible  input/output  control  options  and  substitution  of  experimental  data  for  aero¬ 
dynamic  characteristics. 


SUMMARY 


Requirements  for  rapid  and  economical  estimation  of  aircraft  stability  and  control 
characteristics  and  flying  quality  parameters  arise  frequently  in  preliminary  design 
operations.  The  ability  to  respond  quickly,  particularly  with  the  growing  emphasis  on 
designing  new  aircraft  to  perform  specifiod  missions  and  meet  the  required  design 
criteria,  requires  the  development  of  tools  to  investigate  a  wide  i*ange  of  vehicle  con¬ 
figurations  and  mission  requirements.  In  view  of  these  requirements,  a  Flying  Qual¬ 
ities  Computer  program  has  been  developed  to  facilitate  the  computation  of  the  longi¬ 
tudinal  and  lateral-directional  stability  and  control  characteristics  and  aircraft  fly¬ 
ing  qualities. 

The  Flying  Qualities  Program  employs  the  methodology  or  modification  of  the  method¬ 
ology  contained  in  References  1-6.  The  handling  quality  methods  were  derived  by 
applying  small  perturbation  theory  to  the  equations  of  motion  of  the  aircraft  and  solving 
for  the  transfer  functions.  (See  VOL  II,  Methods  Formulation  Manual).  These  methods 
define  the  static  stability  characteristics  at  angle-of-altack  and  in  sideslip  and  the  fly¬ 
ing  quality  parameters  of  MIL-F-8785B  and  MIL-F-83300. 

This  report  summarizes  the  Flying  Qualities  Program  to  help  familiarize  the  user 
with  the  procedures,  equations,  input/output  formats,  and  the  limitations  of  the  pro¬ 
gram. 

The  computer  program  is  written  in  the  Fortran  IV  Extended  language  for  the  CDC 
6600  operating  system.  However,  it  is  designed  to  be  adapted  to  other  operating 
systems  because  use  of  special  features  peculiar  to  a  given  processor  has  been  avoid¬ 
ed,  The  program  has  been  developed  utilizing  the  modular  concept,  so  that  updating 
can  be  confined  to  changing  the  internal  code  of  a  module  without  altering  its  exter¬ 
nal  arrangement. 

The  modules  of  the  Flying  Qualities  Program  system  are  divided  into  three  major 
sections;  the  aircraft  definition  section,  longitudinal  and  lateral -directional  aero¬ 
dynamic  characteristics  section  and  the  aircraft  flying  qualities  section.  The  airplane 
definition  section  describes  the  aircraft  from  a  geometric  consideration  in  enough  de¬ 
tail  to  perform  the  necessary  aerodynamic  computations.  The  longitudinal  and  lateral 
directional  characteristics  section  utilizes  the  geometric  description  and  evaluates 
the  aerodynamic  stability  characteristics  of  the  aircraft.  The  aircraft  handling  qual¬ 
ity  parameters  are  then  defined  using  the  modules  in  the  aircraft  flying  qualities  sect¬ 
ion,  Flow  through  the  program  is  controlled  by  an  executive  routine  (M0NT0R), 
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which  interrogates  the  user  specified  option  and  directs  the  flow  accordingly. 

To  permit  the  use  of  wind  tunnel  data  or  data  obtained  by  the  user  through  other  meth¬ 
ods,  the  program  provides  the  option  of  substituting  user  input  data  in  lieu  of  module 
computed  data. 

Data  input  to  the  program  includes  basic  vehicle  geometry,  flight  conditions  and  the 
operation  codes  for  controlling  the  program  operation.  Output  consists  of  a  geometric 
description  of  the  aircraft,  the  corresponding  aerodynamic  characteristics  and  the 
aircraft  flying  quality  parameters. 

The  Flying  Qualities  Program  is  a  highly  versatile  tool  that  has  the  capability  to  esti¬ 
mate  the  static  longitudinal  and  lateral-directional  stability  and  control  characteristics 
for  trimmed  and  untrimmed  flight  conditions,  the  dynainic  stability  derivatives  and 
aircraft  handling  qualities  over  a  speed  regime  of  M  =  0.0  -  3.0. 

The  program  was  demonstrated  by  analyzing  configurations  in  over  125  NASA,  NACA, 
and  other  technical  reports  which  contained  applicable  test  data.  Essentially  all  pro¬ 
gram  options  were  exercised  within  the  demonstration  cases.  These  results  are  com¬ 
pared  with  test  data  in  Section  2  to  supply  the  reader  with  information  for  evaluating 
the  programs  capabilities. 

The  correlation  results  of  the  derivatives  that  most  significantly  influence  aircraft 
handling  qualities  are  summarized  here.  If  a  more  complete  analysis  is  required  the 
reader  is  directed  to  Section  2 . 

Longitudinal  Derivatives 

Cr  -  The  Aircraft  Flying  Qualities  Program  results  compare  favorably  with  wind 
a 

tunnel  data  with  average  accuracy  levels  within  ten  percent. 

Xac  -  The  aerodynamic  center  location  predictability  is  relatively  poor .  The  average 
accuracy  levels  for  straight  tapered  wings  is  within  fifteen  percent  while  for  cranked 
wings  it  is  approximately  forty  five  percent. 

Cm  -  The  pitch  damping  derivative  validation  runs  resulted  in  good  agreement  for 
somk  test  cases  and  poor  results  for  others.  The  cases  that  Indicated  poor  results 
illuminated  that  the  wing-body  prediction  techniques  over  predict  this  derivative. 

Cm^,  Cmg  -  The  comparison  of  stabilizer  and  elevator  control  derivatives  with 

wind  tunnel  list  results  show  good  agreement  in  the  subsonic  region,  hi  the  transonic 
and  supersonic  speed  regime  the  methodology  does  not  account  for  variations  in  pressure 


vi 


distribution  in  the  vacinity  ci  the  tail  due  to  inerference  effects,  therefore,  the  accuracy 
levels  are  more  than  ten  percent. 


Lateral-Directional 


Cn£,  -  The  sideslip  characteristics  demonstration  runs  indicated  poor  agree¬ 
ment  with  wind  tunnel  test  data.  The  computed  values  for  the  yawing  moment  show  an 
average  error  of  approximately  thirty-five  percent.  The  rolling  moment  predictions 
show  an  average  error  of  approximately  twenty-five  percent. 


C,  -  The  AFQP  does  a  good  job  of  computing  the  roll  damping  derivative  with  an 
average  accuracy  level  of  approximately  nine  percent. 


Cnr  -  The  average  percent  error  between  predicted  and  test  data  is  approximately 
thirty-five  percent  for  the  yawing  moment  coefficient  due  to  yaw  rate. 


C,.  ,  C.  ,  C* .  ,C«.  -  The  aileron  and  spoiler  rolling  moment  correlation 

Xfta  6sp  6H  6R 

results  show  good  agreement  for  the  variety  of  configurations  investigated.  The 
differentially  deflected  horizontal  tail  correlation  results  show  relatively  poor  agree¬ 
ment  as  was  expected  due  to  the  methodology  being  based  on  many  flow  dependent 
variables.  The  rudder  control  derivative  shows  acceptable  accuracy  for  the  config¬ 
urations  tested. 


The  correlation/validation  studies  have  indicated  that  for  some  stability  and  control 
derivatives  the  available  methodology  needs  further  investigation  and  modifications 
made  to  allow  for  more  acceptable  prediction  techniques. 

The  accuracy  levels  that  are  presently  attainable  with  the  Aircraft  Flying  Qualities 
Program  do  not  negate  the  utility  of  the  program  as  an  acceptable  preliminary  design 
tool.  The  program's  utility  in  preliminary  design  analyses  is  demonstrated  by  the 
fact  that  the  automation  of  the  available  methodology  provides  for  rapid  and  economical 
evaluation  of  an  aircraft  configuration  from  a  handling  qualities  standpoint.  Alter¬ 
natively,  the  use  of  hand  calculations  utilizing  the  same  procedures  would  require 
expenditures  of  significant  manhours,  particularly  if  the  configuration  parameters 
and  trade  studies  are  involved  or  if  estimates  are  desired  over  a  range  of  flight  con¬ 
ditions.  The  extensive  application  of  complex  automated  estimation  procedures  is 
also  prohibitive  in  terms  of  time  and  computer  costs  in  such  an  environment. 

Viable  uses  of  the  Flying  Qualities  Program  are  demonstrated  in  (1)  providing  initial 
estimates  of  early  predesign  configurations,  (2)  evaluation  of  effects  of  configuration 
changes  from  a  known  data  base,  (3)  quick  analyses  of  a  configuration  to  provide  guid¬ 
ance  to  the  designer  in  configuration  definition.  In  the  past,  the  stability  and  control 
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engineering  analyst  had  to  rely  on  back  of  the  envelope  analysis  in  order  to  provide 
guidance  to  the  design  layout  engineer.  Tima  after  time  the  analyst  would  be  several 
configurations  behind  due  to  the  cumbersome  hand  computations  that  were  required  to 
provide  the  data  base  necessary  to  evaluate  the  aircraft  handling  qualities. 

Based  on  the  results  of  the  present  correlation  studies  it  is  recommended  that  a  de¬ 
tail  study  be  undertaken  to  provide  a  significant  data  base  for  each  derivative  that 
would  allow  logical  modifications  of  the  methodologies. 


I 
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SECTION  1 


INTRODUCTION 

Requirements  for  rapid  and  economical  estimation  of  aircraft  stability  and  control 
characteristics  and  flying  quality  parameters  arise  frequently  in  preliminary  design 
operations.  The  ability  to  respond  quickly,  particularly  with  the  growing  emphasis  on 
designing  new  aircraft  to  perform  specified  missions  and  meet  the  required  design 
criteria,  requires  the  development  of  tools  to  investigate  a  wide  range  of  vehicle  con¬ 
figurations  and  mission  requirements.  In  view  of  these  requirements,  a  Flying  Qual¬ 
ities  Computer  program  has  been  developed  to  facilitate  the  computation  of  the  longi¬ 
tudinal  and  lateral-directional  stability  and  control  characteristics  and  aircraft  fly¬ 
ing  qualities. 

The  Flying  Qualities  Program  employs  the  methodology  or  modification  of  the  method¬ 
ology  contained  in  References  1-6.  The  handling  quality  methods  were  derived  by 
applvinj.'  small  perturbation  theory  to  the  equations  of  motion  of  the  aircraft  and  solving 
tor  the  transfer  functions.  (See  VOL  II,  Methods  Formulation  Manual).  These  methods 
define  the  static  stability  characteristics  at  angle-of-attack  and  in  sideslip  and  die  fly¬ 
ing  quality  parameters  of  MIL-F-8785B  and  MIL-F-83300. 

This  report  summarizes  the  Flying  Qualities  Program  to  help  familiarize  the  user 
with  the  procedures,  equations,  input/output  formats,  and  die  limitations  of  the  pro¬ 
gram. 

The  computer  program  is  written  in  die  Fortran  IV  Extended  language  for  the  CDC 
6600  operating  system.  However,  it  is  designed  to  be  adapted  to  odier  operating 
systems  because  use  of  special  features  peculiar  to  a  given  processor  has  been  avoid¬ 
ed.  The  program  has  been  developed  utilizing  the  modular  concept,  so  that  updating 
can  be  confined  to  changing  the  internal  code  of  a  module  without  altering  its  exter¬ 
nal  arrangement. 

The  modules  of  the  Flying  Qualities  Program  system  are  divided  into  three  major 
sections;  the  aircraft  definition  section,  longitudinal  and  lateral-directional  aero¬ 
dynamic  characteristics  section  and  die  aircraft  flying  qualities  section.  The  airplane 
definition  section  describes  the  aircraft  from  a  geometric  consideration  in  enough  de¬ 
tail  to  perform  the  necessary  aerodynamic  computations.  The  longitudinal  and  lateral 
directional  characteristics  section  utilizes  die  geometric  description  and  evaluates 
the  aerodynamic  stability  characteristics  of  the  aircraft.  The  aircraft  handling  qual¬ 
ity  parameters  are  dicn  defined  using  the  modules  in  die  aircraft  flying  qualities  sect¬ 
ion  .  Flow  through  the  program  is  controlled  by  an  executive  routine  (M0NT0R) , 


which  Interrogates  the  user  specified  option  and  directs  the  flow  accordingly. 

To  permit  the  use  of  wind  tunnel  data  or  data  obtained  by  the  user  through  other  meth¬ 
ods,  the  program  provides  the  option  of  substituting  usur  Input  data  in  lieu  of  module 
computed  data. 

Data  Input  to  the  program  includes  basic  vehicle  geometry,  flight  conditions  and  the 
operation  codes  for  controlling  the  program  operation.  Output  consists  of  a  geometric 
description  of  the  aircraft,  the  corresponding  aerodynamic  characteristics  and  the 
aircraft  flying  quality  parameters. 

The  Flying  Qualities  Program  documentation  consists  pf  four  volumes.  Volume  I, 
Users  Manual,  contains  a  detailed  description  of  the  Input/output  options,  program 
limitations,  input/ouput  data,  and  a  set  of  sample  problems.  Volume  n.  Methods 
Formulation  Manual,  outlines  the  methodology  and  source,  range  of  applicability,  and 
modifications.  Volume  III,  Computer  Programming  Manual,  outlines  the  program  or¬ 
ganization,  input/output  of  each  module/subroutine,  module  or  subroutine  function, 
program  listings  and  flow  charts.  Volume  IV,  Program  Assessment/Correlation 
Report,  presents  the  results  of  the  correlation  studies  and  conclusions  pertaining  to 
the  validity  of  the  methodology. 

The  user  of  the  Flying  Qualities  Program  should  study  this  volume  as  well  as  the 
other  three  volumes  before  running  a  problem.  The  four  volumes  present  a  complete 
picture  of  the  overall  system,  with  enough  Information  to  familiarize  the  user  In  all 
aspects  of  its  design  and  operation.  It  is  Imperative  that  the  user  develop  a  familiarity 
with  the  entire  system  before  he  runs  the  program. 

The  primary  purpose  of  the  correlation  investigation  was  to  provide  a  data  base  to 
evaluate  the  validity  of  the  Flying  Qualities  Program  utility  and  credibility  in  a  pre¬ 
liminary  design  environment.  The  scope  of  the  Investigation  encompassed  five  gen¬ 
eral  categories  including  (1)  lift  and  pitching  moment  characteristics,  (2)  sideslip 
characteristics,  (3)  dynamic  derivatives,  (4)  control  effectiveness,  and  (5)  high  lift 
characteristics.  Over  125  NASA,  NACA  and  other  technical  reports  containing  applic¬ 
able  data  were  examined  during  the  investigation. 

Data  references  were  grouped  according  to  the  following  categories: 

1.  High  lift  characteristics 

2.  Propeller  characteristics 

3.  Straight  tapered  wing  configurations 

4.  Non-straight  tapered  wing  configurations 

5.  Horizontal  tail  configurations 
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6.  Vertical  tail  configurations 

7.  Canard  configurations 

8.  Ventral  configuration 

The  correlation  studies  were  divided  into  general  correlation  studies  which  included 
the  following  variables : 

1.  Body  shape 

2.  Nose  shape 

3.  Wing  planform  and  position 

4.  Horizontal  tail  planform  and  position 

5.  Vertical  tail  planform  and  arrangement 

6.  High  lift  characteristics 

and  specific  aircraft  configuration  correlation  studies  which  included  the  following 
aircraft: 

1.  CV-880,  F-4C,  F-106 

2.  AX  (Model  70),  A-4D,  F-102 

3.  X-3 ,  F-101,  F-104 

4.  NAVION 

Considerable  use  was  also  made  of  unpublished  test  results  and  studies  conducted  at 
Convair  Aerospace,  San  Diego  Operation.  A  complete  bibliography  of  the  data  refer¬ 
ence  sources  is  given  in  Section  4. 


1-3 


SECTION  2 


CORRELATION  AND  VALIDATION  STUDIES 


The  Flying  Qualities  Program  (FQP)  was  utilized  to  estimate  the  aerodynamic  char¬ 
acteristics  of  a  wide  variety  of  configurations  to  assess  the  program's  utility/credi¬ 
bility  in  a  preliminary  design  environment  and  to  highlight  areas  where  the  available 
methodology  may  be  deficient.  The  correlation  studies  Included  a  literature  search 
to  provide  a  data  base  with  which  to  compare  the  estimated  values,  general  param¬ 
eters  correlation  studies  and  specific  aircraft  correlation  studies. 

2.1  CORRELATION  DATA  BASE 

A  comprehensive  literature  search  was  conducted  to  obtain  data  on  a  wide  variety  of 
configuration  parameters.  Over  one  hundred  and  twenty  five  technical  reports  con¬ 
taining  applicable  data  were  examined  during  the  correlation  investigation.  A  bibliog¬ 
raphy  of  the  data  sources  is  presented  in  Section  4  of  this  report.  The  bibliography 
was  divided  into  eight  categories  as  listed  below: 

1.  High  Lift  Characteristics 

2.  Propeller  Characteristics 

3.  Straight  Tapered  Wing  Configurations 

4.  Non-Straight  Tapered  Wing  Configurations 

5.  Horizontal  Tail  Effects 

6.  Vertical  Tail  Effects 

7.  Canard  Configurations 

8.  Ventral  Effects 

Some  references  contain  data  pertinent  to  several  categories  but  were  listed  by  priority 
on  scarcity  of  the  data.  For  instance,  a  straight  taper  wing  configuration  may  have 
various  horizontal  tall  heights  and  since  data  on  tail  height  variation  is  not  as  plenti¬ 
ful  as  basic  straight  wing  data,  the  report  would  be  listed  under  Category  5. 

In  the  correlation  substantiation  tables  the  references  will  correspond  to  the  above 
categories.  Therefore,  Reference  4. 1  would  refer  to  Category  4  Reference  1. 

The  number  of  variables  and  the  time  limit  did  not  allow  every  data  reference  to  be 
analyzed.  A  number  of  different  configurations  from  each  category  was  analyzed  to 
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provide  a  basis  for  making  decisions  on  methodology  accuracy  and  recommendations. 
Table  2-1  presents  the  data  references  utilized  and  the  relevant  aerodynamic  charac¬ 
teristics  for  each  data  source. 

2.2  GENERAL  AIRCRAFT  CONFIGURATION  CORRELATION  STUDIES 

The  basic  approach  of  the  general  configuration  correlation  studies  was  to  utilize 
reference  sources  that  had  systematically  varied  a  configuration  parameter  and  eval¬ 
uate  the  capability  of  the  Flying  Qualities  Program  to  predict  the  trends  in  the  various 
aerodynamic  characteristics  associated  with  the  particular  parameter  being  varied. 

The  configuration  parameters  that  were  considered  are: 

1.  Body  Shape 

2.  Nose  Shape 

3.  Wing  Planform 

a.  Aspect  Ratio 

b.  Taper  Ratio 

c.  Sweep 

d.  Straight  Tapered 

e.  Non-Straight  Tapered 

4.  Wing  Position 

5.  Horizontal  Tail  Planform  and  Position 

6.  Vertical  Tail  Planform  Arrangements 

7.  High  Lift  System  Arrangements 

The  above  parameters  do  not  necessarily  affect  all  the  aerodynamic  characteristics, 
therefore,  each  characteristic  is  discussed  as  a  separate  entity.  The  aerodynamic 
characteristics  are  divided  into  the  following  categories: 

1.  Lift  Characteristics 

2.  Pitching  Moment  Characteristics 

3.  Sideslip  Characteristics 

4.  Dynamic  Stability  Characteristics 

a.  Longitudinal 

b.  Lateral-Directional 
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5.  Control  Effectiveness 

6.  High  Lift  Characteristics 

Each  of  these  categories  will  be  discussed  In  the  following  sect* one. 

2. 2. 1  LIFT  CHARACTERISTICS.  Tables  2-2  through  2-7  summarize  the  results  of 
the  correlation  studies  of  the  lift  curve  slope.  Most  of  the  configurations  analyzed 
had  wings  that  were  mounted  at  the  fuselage  centerline  with  no  camber  or  twist,  there¬ 
fore,  the  zero  lift  angle  of  attack  was  zero. 

2. 2. 1. 1  Straight  Tapered  Wing  Planform  Characteristics.  Table  2-2  presents  the 
results  for  a  group  of  straight  tapered  wing  aircraft  configurations  that  cover  a  wide 
range  of  planform  geometry: 


Ref. 
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3.29 
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The  data  for  Reference  3. 21  also  presents  the  effect  of  body  fineness  ratio  (6. 0-12. 0) 
and  wing  position.  The  data  Indicates  that  these  two  parameters  have  a  relatively  In¬ 
significant  effect  on  the  lift  curve  slope. 

The  overall  accuracy  (presented  as  the  average  percent  error)  Is  quite  good,  for  most 
cases  well  within  ten  percent.  The  maximum  error  encountered  was  11.5  percent. 
Table  2-3  presents  the  results  of  an  investigation  to  assess  the  effects  of  sweep, 
taper  ratio  and  horizontal  tall  position  on  the  lift  curve  slope  of  straight  tapered  wing 
configurations.  The  configurations  exhibited  the  following  planform  geometry : 

Ref.  AR 

3.14  3.0 


4.1 

5  ,i  4,  0 

The  lift  curve  slope  methodology  appears  to  evaluate  the  effects  of  sweep,  taper  ratio 
and  tall  position  within  reasonable  accuracy.  For  most  cases  Investigated  the 
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percentage  error  was  within  ten  percent. 

The  effects  of  two  body  shapes  and  several  empennage  arrangements  are  tabulated  in 
Table  2-4 .  The  accuracy  is  within  ten  percent  except  for  the  high  transonic  Mach 
number  of  0. 94.  Predictably,  the  accuracy  deteriorates  as  the  Mach  number  approaches 
one  due  to  the  section  lift  curve  slope.  The  Mach  number  effect  on  the  lift  curve  slope 
should  only  be  used  up  to  the  critical  Mach  number  which  is  well  below  M  =  0.94. 

Tables  2-5  and  2-6  present  the  results  of  the  correlation  studies  of  the  highly  tapered 
and  swept  wing  configurations  of  Reference  5.2.  The  planform  parameters  covered 
are : 


Config, 

AR 

ale 

t/c 

High  Taper 

3.0 

0.143 

38.7 

0.06 

Swept 

4.0 

0.30 

48.6 

0. 06 

The  body  nose  length,  fuselage  length  and  fineness  ratio  were  varied  utilizing  both 
wing  planforms.  The  accuracy  levels  for  the  swept  wing  is  better  than  the  high  taper 
wing.  The  average  error  for  the  swept  and  highly  tapered  is  3.3  and  8.4  respectively. 

The  accuracy  level  exhibited  by  the  highly  tapered  wing  of  this  series  is  not  reflected 
in  the  previous  series  (Ref.  3.14),  which  had  accuracy  levels  of  5.87  and  2.76  for 
taper  ratios  of  0. 0  and  0. 2  respectively, 

2. 2. 1. 2  Cranked  Wing  Planforms.  The  results  of  the  cranked  wing  planform  correla¬ 
tion  studies  are  presented  in  Table  2-7.  The  planform  parameters  covered  are  sum¬ 
marized  below: 
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The  average  error  was  4.9  percent  with  the  maximum  error  from  +9.4  to  -20.3.  The 
largest  percent  error  is  exhibited  by  the  53-32  +  Tail  configuration  of  Reference  4.1. 

The  effect  of  horizontal  tail  position  is  also  presented  for  the  configuration  of  Refer¬ 
ence  5.6.  The  data  Indicates  good  correlation  with  variations  in  tail  position  over 
the  flight  regime  investigated. 
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percent  is  not  as  good  as  the  ,  *  Th,  0VeraU  accura°y  level  of  7. 96 

representation  provides  reasonable  results.*  re5UltS’  but  indicates  that  this  type  of 
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Correlation  Data  Source 


Table  2-1.  Correlation  Data  Source  (Contd) 
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TABLE  2-2 

Lift  Characteristics  of  Straight  Tapered  Wing  Configurations 
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2.2.2  PITCHING  MOMENT  CHARACTERISTICS.  The  correlation  of  the  pitching 
moment  characteristics  are  presented  In  terms  of  aerodynamic  center  location,  as  a 
fraction  of  mean  aerodynamic  chord,  and  zero  lift  pitching  moment  In  Tables  2-8 
through  2-14.  The  results  Indicate  the  overall  prediction  accuracy  of  15. 84  and  45. 6 
for  the  straight  tapered  and  cranked  wing  planforms,  respectively,  to  be  poor.  These 
accuracy  levels  may  be  attributed  to  several  factors.  A  major  effect  Is  due  to  the 
basis  utilized  In  the  development  of  the  methodology.  The  data  base  utilized  to  develop 
the  DATCOM  methodology  was  based  on  the  aerodynamic  center  location  (a.c. )  ex¬ 
pressed  as  a  fraction  of  the  root  chord.  Since,  for  most  basic  configurations  the 
ratio  of  root  chord  to  the  mean  aerodynamic  chord  ranges  between  1.5  and  2.5,  It  Is 
logical  that  the  percent  error  of  the  a.c.  based  on  c  will  be  considerably  higher. 

Table  2-8  Is  Illustrative  of  this  shift  In  the  aerodynamic  center  location.  The  config¬ 
uration  presented  in  Figure  1  of  the  reference  was  utilized.  The  spanwlse  location  of 
the  reference  chord  Is  different  from  the  baslo  mean  aerodynamic  chord  because  it 
has  been  shifted  to  fit  within  the  wing  planform  lines.  The  test  data  had  to  be  shifted 
to  the  mac  In  order  to  compare  with  the  predicted  data.  It  appears  that  this  refer¬ 
ence  system  is  utilized  by  the  NASA  for  all  the  cranked  wing  configurations. 

The  predicted  data  In  the  transonic  Mach  number  range  may  also  be  effected  by  the 
limitation  on  the  force  break  Mach  number.  The  methodology  presented  In  the  DAT¬ 
COM  limits  the  maximum  attainable  force  break  Mach  number  to  1. 0.  Most  high 
sweep  low  thickness  ratio  wings  exhibit  values  beyond  1. 0. 

The  configurations  Investigated  In  this  phase  of  the  study,  had  wings  with  no  camber, 
Incidence,  or  twist  and  symmetrical  bodies,  therefore,  the  zero  lift  pitching  moments 
are  zero. 

2.2.2. 1  Straight  Tapered  Wing  Planform  Characteristics.  The  configurations  analyz¬ 
ed  for  the  pitching  moment  characteristics  are  the  same  as  were  utilized  for  the  lift 
curve  slope  Investigation  as  outlined  In  Section  2. 2. 1.1. 

The  results  presented  In  Table  2-9  cover  a  wide  range  of  planform  parameters  sum¬ 
marized  below 


2.0  *  A  s  5.9 
0.0  £  \  *  0.474 

0.0  *  Ale  *  63.4° 

The  overall  accuracy  level  Is  15.98  percent  which  Is  beyond  an  acceptable  level.  How¬ 
ever,  If  the  data  for  the  configuration  of  Reference  3. 6  Is  omitted,  the  average  per¬ 
cent  error  Is  8. 84. 


2-22 


/ 


The  configuration  of  Reference  3, 6  has  the  engines  located  in  the  wing-body  intersec¬ 
tion  which  complicates  the  decision  as  what  to  input  for  the  wing  and  body.  This  large 
discontinuity  in  the  wing  may  account  for  the  test  a.c.  being  so  far  forward. 

The  user  has  to  make  judgements  on  how  to  handle  configuration  that  are  not  straight¬ 
forward.  These  judgements  are  based  on  experience  and  will  be  fortified  as  the  user 
has  more  exposure  to  the  utilization  of  the  Flying  Qualities  Program. 

Table  2-10  presents  the  results  of  an  investigation  to  evaluate  the  effects  of  wing 
sweep,  taper  ratio  and  horizontal  tail  position  on  the  pitching  moment  characteristics. 
The  average  percent  error  is  10  percent  with  the  maximum  error  ranging  from  +54. 4 
to  -26.2.  The  results  do  not  Indicate  any  specific  trends  with  the  variables  investi¬ 
gated  as  the  percent  errors  are  random. 

The  effects  of  variations  in  body  shape  and  empennage  arrangements  on  the  aerodynam 
ic  center  location  are  summarized  in  Table  2-11.  The  average  error  is  14.2  percent 
with  the  maximum  ranging  from  +27. 0  to  -13.  The  T-tall  and  H-tail  empennage  ar¬ 
rangements  appear  to  be  more  predictable  than  the  conventional  tail.  The  tail -off 
characteristics  correlations  are  not  as  good  as  when  the  empennage  is  added.  It  may 
be  concluded  from  the  results  that  a  more  comprehensive  study  needs  to  be  conducted 
to  evaluate  variation  in  empennage  arrangement. 

The  results  presented  in  Tables  2-12  and  2-13  for  a  highly  tapered  and  swept  wing 
configuration,  respectively,  show  poor  correlation  between  predicted  and  test  data. 

The  results  are  indicative  of  the  trends  found  throughout  the  study.  These  two  con¬ 
figurations  are  relatively  simple  wing-body-tail  arrangements  and  would  appear  to  be 
tailor  made  for  methodology  correlation.  The  results  indicate  that  a  systematic  study 
needs  to  be  undertaken  to  develop  a  more  complete  data  base  and  an  in-depth  analysis 
performed  to  provide  guidance  in  modifying  the  present  methodology. 

2. 2. 2. 2  Cranked  Wing  Planform  Characteristics.  A  comparison  of  experimental 
data  and  predicted  data  of  several  cranked  wing  configurations  is  presented  in  Table 
2-14.  The  average  percent  error  of  22. 8  indicates  the  same  poor  correlation  as  was 
experienced  with  straight  tapered  wings.  The  methodology  was  developed  utilizing  a 
relatively  small  data  base  which  limits  the  suggested  accuracy  to  a  small  number  of 
configurations.  It  is  suggested  that  a  study  be  conducted  to  extend  the  data  base  and 
a  review  of  the  methodology  be  undertaken. 
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2. 2. 3  SIDESLIP  CHARACTERISTICS.  An  Investigation  has  been  conducted  to  deter¬ 
mine  the  effects  of  vertical  location  of  the  wing  and  horizontal  tall,  vertical  tall  size, 
fuselage  fineness  ratio  and  empennage  arrangement  on  the  sideslip  characteristics. 

The  results  are  presented  in  Tables  2-15  through  2-18  and  show  poor  correlation  be¬ 
tween  the  estimated  and  test  data  for  the  yawing  and  rolling  moment.  The  accuracy 
levels  of  the  sideforce  characteristics  are  marginal  if  some  data  points  are  eliminated. 

The  results  of  these  studies  indicate  that  the  present  methodology  is  very  sensitive  to 
changes  in  configuration.  A  cursory  evaluation  indicates  the  large  percentage  errors 
result  from  several  sources,  such  as,  extracting  data  from  the  NASA  reports,  match¬ 
ing  test  conditions,  tail  arms  due  to  a.c.  prediction  techniques  (Section  2.2.2),  body 
side  area,  supersonic  apparent  mass  factor,  and  force. break  Mach  number.  A  com¬ 
plete  discussion  of  these  items  may  be  found  in  Section  2.3. 

2. 2. 3.1  Straight  Tapered  Wing  Planform  Characteristics.  Table  2-15  presents  the 
results  of  an  investigation  to  evaluate  the  effect  of  vertical  tail  size  and  fuselage  fine¬ 
ness  ratio  on  the  aerodynamic  characteristics  in  sideslip.  The  sideforce  characteris¬ 
tics  correlations  are  good  except  for  the  configurations  of  References  3.6,  3.29,  and 
3.35.  The  average  percent  error  excluding  these  configurations  is  8.2. 

The  yawing  moment  due  to  sideslip  correlations  show  poor  correlation  for  most  of  the 
configurations  evaluated  in  this  series.  The  tail-off  results  for  the  configurations  of 
References  6.1  and  3.35  and  the  body  fineness  ratio  and  tail  size  studies  of  Reference 
3.21  are  the  only  results  that  have  average  percent  errors  less  than  15  percent. 

Table  2-16  presents  the  effects  of  the  vertical  location  of  the  wing  and  horizontal  tail 
on  the  sideslip  characteristics  of  a  swept  wing  configuration.  The  same  trends  are 
observed  for  this  set  of  data  as  for  the  previous  data.  The  average  percent  error  for 
the  sideforce,  yawing  moment  and  rolling  moment  is  21.3,  41.4  and  25.7,  respectively. 

The  results  of  Table  2-17  show  correlations  of  various  empennage  arrangements.  The 
results  show  average  errors  of  the  same  magnitude  as  previously  discussed. 

2. 2. 3. 2  Cranked  Wing  Planform  Characteristics.  A  comparison  of  experimental 
data  and  data  estimated  utilizing  the  Flying  Qualities  Program  for  tail-off  and  tail-on 
sideslip  characteristics  of  a  cranked  wing  configuration  is  presented  in  Table  2-18. 

The  results  show  the  same  trends  as  observed  for  the  straight  tapered  wing  investiga¬ 
tion.  The  accuracy  levels  are  19.7,  67.0  and  17.4  for  the  sideforce,  yawing  moment 
and  rolling  moment,  respectively. 
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Lateral-Directional  Characteristics  of  Straight  Tapered  Wing  Configurations 
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TABLE  2-16 

Lateral- Directional  Characteristics  of  Straight  Tapered  wing  Configuration 
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2.2.4  DYNAMIC  STABILITY  CHARACTERISTICS.  The  available  methodologies  for 
the  dynamic  stability  characteristics  are  derived  from  theoretical  analysis.  The 
DATCOM  does  not  present  any  substantiation  of  the  methods  which  raises  some  ques¬ 
tions  as  to  its  creditability. 


Because  of  the  limited  amount  of  test  data  that  systematically  varied  the  configuration 
parameters,  the  large  number  of  derivatives,  and  the  compressed  time  schedule,  only 
a  few  configurations  were  evaluated.  It  is  Imperative  that  much  more  analysis  be  con¬ 
ducted  to  develop  a  data  base  for  each  of  the  dynamic  derivatives  that  will  allow  for 
some  rational  decision  to  be  made  as  to  the  validity  of  the  methodology. 
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2. 2. 4. 1  Longitudinal  Dynamic  Characteristics.  The  longitudinal  dynamic  characteris¬ 
tics  correlation  data  are  presented  in  Table  2-19  for  three  configurations  and  a  com¬ 
parison  with  a  sample  problem  from  the  DATCOM  is  presented  in  Table  2-20.  The 
results  show  reasonable  correlation  for  the  configuration  from  Reference  3.35  except 
at  the  high  transonic  Mach  numbers.  The  results  for  the  configurations  presented  in 
Reference  3.40  show  poor  correlation.  No  data  was  available  for 

To  check  the  coding  for  the  longitudinal  dynamic  derivatives  the  sample  problem  pre¬ 
sented  in  the  DATCOM  was  run  and  the  comparison  of  the  FQP  program  results  to  the 
DATCOM  values  are  presented  in  Table  2-20.  The  reason  for  the  differences  are  dis¬ 
cussed  below. 

The  wing-body  derivative  difference  is  due  to  the  section  lift  curve  slope  and  body  lift 
curve  slope.  The  section  lift  curve  slope  used  in  the  DATCOM  sample  was  not  a  func¬ 
tion  of  the  Reynolds  number  and  Mach  number  stated  in  the  example.  The  Flying 
Qualities  Program  utilizes  a  body  lift  curve  slope  of  (2)  and  (2.8)  for  the  subsonic 
and  supersonic  speeds  respectively  while  the  sample  problem  used  the  methods  of 
DATCOM  Section  4. 2.1.1  and  obtained  a  value  of  1.89  and  2.74. 

The  tail  contribution  differs  due  to  the  tall  body  Interference  terms,  exposed  tail  area 
and  the  dynamic  pressure  ratio  at  the  tail.  Since  the  horizontal  tail  is  off  the  body, 
the  FQP  assumes  the  exposed  area  is  equal  to  the  theoretical  area  and  that  the  tall 
body  interference  is  negligible.  The  methodology  for  the  dynamic  pressure  ratio  at 
the  tall  states  that  for  Z/Zw  ^  1,0  the  dynamic  pressure  ratio  q/q*  =  1. 0.  The 
sample  problem  shows  Z/Z\y  >1.0  and  a  q/q^,  =  0.901,  which  does  not  agree  with  the 
stated  methodology. 

2. 2. 4. 2  Lateral-Directional  Dynamic  Characteristics.  The  correlation  studies  for 
the  lateral-directional  dynamic  characteristics  were  limited  to  a  few  configurations 
due  to  the  limited  amount  of  applicable  test  data.  The  results  of  the  correlation 
studies  conducted  for  the  rolling  and  yawing  moment  characteristics  are  presented  in 
Tables  2-21  and  2-22,  respectively. 
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Test  data  on  the  rolling  stability  characteristics  is  hard  to  find  in  the  literature  and 
its  credibility  is  questionable.  Table  2-21  shows  the  comparison  of  some 
and  test  data  for  a  subsonic  to  supersonic  Mach  number  range.  The  results  indicate 
poor  correlation  for  Cyp  and  C«  .  The  accuracy  of  the  results  for  Cl  show  reason¬ 
able  values  for  some  configurations  and  questionable  accuracy  for  others.  The  meth¬ 
odologies  for  the  rolling  stability  characteristics  are  based  on  an  extremely  small 
amount  of  test  data  or  none  at  all,  which  raises  some  questions  as  to  its  credibility. 

It  is  suggested  that  much  more  analysis  will  be  required  to  develop  an  adequate  data 
base  necessary  to  fully  evaluate  the  present  methodology. 

The  yawing  stability  characteristics  correlation  results  are  presented  in  Table  2-22. 
The  results  are  similar  to  the  rolling  stability  analysis  and  the  overall  accuracy  is 
poor.  The  average  percent  errors  for  the  sldeforce,  yawing  moment  (excluding  the 
WB  results  of  Reference  3.35)  and  rolling  moment  are  55.7,  36.5,  and  57.8, 
respectively. 
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TABLE  2-19 

Longitudinal  Dynamic  Characteristics  Substantiation  Data 
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TABLE  2-20 

Longitudinal  Dynamic  Characteristics  Substantiation  Data 
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Rolling  Stability  Characteristics  Substantiation  Data 
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TABLE  2-21  (Contd) 

Rolling  Stability  Characteristics  Substantiation  Data 
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TABLE  2-22 

Tawing  Stability  Characteristics  Substantiation  Data 
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2. 2. 5  CONTROL  EFFECTIVENESS  CHARACTERISTICS.  The  control  effectiveness 
correlation  studies  included  the  evaluation  of  aerodynamic  control  characteristics  of 
stabilizers,  elevators,  ailerons,  spoilers,  differentially  deflected  horizontal  tails, 
and  rudders.  The  results  of  the  correlation  studies  are  presented  in  Tables  2-23 
through  2-28. 

2. 2. 5. 1  Longitudinal  Control  Effectiveness.  The  longitudinal  control  effectiveness 
substantiation  data  that  have  been  analyzed  are  presented  in  Tables  2-23  and  2-24. 

The  results  indicate  that  the  control  characteristics  are  strongly  influenced  by  wing 
planform  and  Mach  number.  The  correlations  show  that  the  present  methodology  does 
not  predict  the  transonic  characteristics  within  an  acceptable  level  for  most  cases 
that  were  investigated. 

The  large  percentage  errors  for  the  CV-880  are  primarily  due  to  the  differences  be¬ 
tween  the  predicted  and  test  values  for  the  horizontal  tail  lift  curve  slope.  Unpublished 
pressure  data  shows  large  negative  pressures  in  the  region  of  the  tail  lower  surface, 
which  differs  from  the  assumed  pressure  distribution  utilized  in  the  methodology  dev¬ 
elopment.  Therefore,  the  predicted  lift  curve  slope  is  higher  than  the  test  values.  If 
the  test  values  are  utilized  in  the  equations,  the  correlations  are  within  10  percent,  as 
Blown  in  Table  2-24.  Since  this  type  of  data  was  not  available  for  the  other  configura¬ 
tions  investigated,  the  reasons  for  the  large  errors  in  some  instances  are  not  verified. 
However,  it  does  point  out  that  before  making  decisions  on  the  adequacy  of  the  method¬ 
ology  for  the  various  derivatives  it  is  imperative  that  each  variable  that  influences  the 
results  be  thoroughly  analyzed. 


2. 2. 5. 2  Roll  Control  Effectiveness.  The  aileron  correlation  presented  in  Table  2-25 
for  a  variety  of  configuration  and  Mach  numbers  shows  good  agreement  for  the  rolling 
moment.  The  yawing  moment  results  show  larger  relative  differences.  The  extrac¬ 
tion  of  the  test  data  for  the  yawing  moment  Is  much  more  sensitive  due  to  the  magni¬ 
tude  of  the  values  and  thus  may  result  in  more  significant  inaccuracies. 


Substantiation  data  for  differentially  deflected  horizontal  tail  surfaces  are  presented 
in  Table  2-27.  The  estimated  rolling  moment  data  for  the  configuration  of  Reference 
3.11  with  the  low  tall  agrees  with  that  presented  in  the  DATCOM.  The  test  values  ex¬ 
tracted  from  the  stated  reference  are  different  than  those  quoted  In  Section  6. 2. 1. 2  of 
the  DATCOM.  No  methods  exist  for  evaluating  the  side  force  and  yawing  moment 
characteristics  of  differentially  deflected  tails.  The  FQP  sets  the  side  force  equal  to 
zero  (0)  and  uses  data  in  the  form  of  the  parameter  CD  /C/  ,  which  was  developed 
based  on  F-111A  data,  to  compute  the  yawing  moment.®  The  data  in  Table  2-27  indi¬ 
cates  that  a  more  complete  data  base  is  necessary  to  develop  the  parameter  Cn  /C^  . 


2. 2. 5. 3  Directional  Control  Effectiveness.  The  rudder  effectiveness  presented  in 
Table  2-28  indicates  for  the  configurations  tested  that  the  methodology  for  the  side 
force  and  yawing  moment  results  in  characteristics  that  compare  well  with  test  data. 
Although  the  rolling  moment  characteristics  are  not  as  good,  they  appear  to  compare 
reasonably  with  the  test  results. 
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Spoiler  Effectiveness  Substantiation  Data 
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Differentially  Deflected  Horizontal  Tail  Substantiation  Data 
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2.2.6  HIGH  LIFT  SYSTEM  CHARACTERISTICS.  The  correlations  presented  are  for 
the  Medium  STOL  Transport  (MST)  model  of  Reference  1.3.  The  model  had  a  wing 
with  an  aspect  ratio  of  8,  quarter  chord  sweep  of  25  degrees,  and  a  taper  ratio  0.33. 
All  the  configurations  used  for  correlations  are  with  leading-edge  Krueger  flaps  de¬ 
flected  55  degrees  and  with  a  leading  edge  jet  momentum  coefficient  equal  to  0.10. 

The  correlation  studies  for  the  high  lift  system  methodology  were  limited  to  the  MST 
configuration  defined  in  Reference  1.3  due  to  unforeseen  difficulties  in  the  interpreta¬ 
tion  of  the  usage  of  the  section  lift  curve  slope  ratio  cJ^/°lajth  and  the  flap  effec¬ 
tiveness  factors  which  delayed  the  start  of  the  correlation  studies.  ‘  The  values  that 
are  used  depend  on  flap  configuration,  capture  area  ratio  and  amount  of  blowing  and 
are  used  in  various  combinations.  Logic  had  to  be  Integrated  into  the  high  lift  (HILIFT) 
and  section  (SCTSHN)  routines  to  distinguish  between  the  various  conditions. 

* 

The  Flying  Qualities  Program  (FQP)  computes  Increments  due  to  the  high  lift  system 
for  lift  curve  slope,  zero  lift  angle  of  attack,  pitching  moment  at  zero  angle  of  attack, 
downwash  gradient  and  angle  of  attack  at  zero  downwash  angle  for  systems  that  have 
no  blowing.  The  Increment  in  minimum  drag  coefficient,  induced  drag  factor,  and 
lift  coefficient  for  minimum  drag  are  also  computed  if  it  is  a  blown  system.  These 
increments  are  added  to  the  clean  aircraft  characteristics  to  obtain  total  values  as 
demonstrated  for  the  lift  of  the  triple  slotted  system. 
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The  high  lift  correlations  are  presented  in  Figures  2-1  through  2-8.  The  data  shows 
excellent  agreement  for  the  lift  characteristics  for  all  three  flap  configurations  inves¬ 
tigated.  The  pitching  moment  data  Indicates  that  further  analysis  and  methodology 
development  is  required  in  this  area.  The  present  methodology  was  developed  to  give 
the  Increment  in  pitching  moment  at  zero  angle -of -attack  and  did  not  address  the  vari¬ 
ation  in  slope  with  power. 

The  data  presented  in  Figures  2-2,  2-5,  and  2-8  also  utilized  the  estimated  data  for 
the  clean  aircraft  Cmo  and  which  result  in  discrepancies  that  cannot  be  assessed 

to  the  high  lift  methodology  validation.  Table  2-29  shows  a  comparison  of  the  incre¬ 
ment  in  pitching  moment  at  zero  angle  of  attack,  which  provides  a  basis  to  evaluate 
the  available  high  lift  methodology.  The  results  show  reasonable  accuracy  except  for 
the  single  slotted  flap  system  with  blowing.  The  tuft  tests  performed  during  the  wind 
tunnel  testing  clearly  Indicated  that  the  flow  over  the  single  Blotted  system  was  com¬ 
pletely  separated  which  accounts  for  the  differences  between  the  test  and  estimated 
data.  This  points  out  that  a  designer  would  not  utilize  a  single  slotted  flap  of  this  de¬ 
sign  for  a  blown  system.  If  a  single  slotted  flap  was  utilized  the  designer  would  pro¬ 
bably  have  to  perform  optimization  studies  to  develop  the  gap,  overlap,  chord  ratio 
and  deflection  to  ensure  that  the  flow  would  stay  attached. 

The  downwash  correlation  studies  are  presented  in  Figures  2-3  and  2-6  and  show  good 
agreement  between  the  test  and  estimated  characteristics. 

Once  the  high  lift  correlations  were  limited  in  the  present  study,  it  was  felt  that  in¬ 
cluding  the  correlation  results  from  the  methodology  development  study  (Reference 
1.3)  was  warranted.  The  lift  characteristics  correlations  are  presented  in  Figures 
2-9  through  2-24.  The  pitching  moment  characteristics  are  presented  in  Tables  2-30 
through  2-32.  Table  2-33  summarized  the  configurations  utilized  in  the  downwash  sub¬ 
stantiation  investigation.  The  correlation  of  the  downwash  characteristics  is  presented 
In  Table  2-33  through  2-37. 

Although  the  results  indicate  the  accuracy  levels  to  be  good,  it  is  imperative  that  the 
high  lift  methodology  receive  much  more  exposure  before  a  just  conclusion  as  to  its 
validity  can  be  drawn.  The  computerization  of  the  methodology  will  allow  for  a  larger 
data  base  to  be  developed  on  a  wide  variety  of  configurations,  which  will  provide  infor¬ 
mation  for  guidance  in  the  decision  as  to  its  validity  as  a  predesign  concept. 
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TABLE  2-29 


CORRELATION  OF  FLAP  PITCHING  MOMENT  INCREMENT 
AT  ZERO  ANGLE  OF  ATTACK 
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Figure  2-9,  Correlation  of  Lift  Generalized  Methodology  with  EBF 
Test  Data,  A  =  8,  Ac/4  =  25  Degrees,  Triple-Slotted 
Flap  =  60  Degrees),  Nacelles  Low 
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Figure  2-10.  Correlation  of  Lift  Generalized  Methodology  with  EBF  Test 
Data,  A  =  8,  Ac/4  =  25  Degrees,  Triple-Slotted  Flap 
(6f  =  60  Degrees),  Nacelles  Low  with  Thrust  Deflected 
Upward  15  Degrees 
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Figure  2-11,  Correlation  of  Lift  Generalized  Methodology  with  EBF 
Test  Data,  A  =  8,  Ac/4  =  25  Degrees,  Double-Slotted 
Flap  (6f  =  30  Degrees) 
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Figure  2-12.  Correlation  of  Lift  Generalized  Methodology  with  EBF 
Test  Data,  A  =  8,  =  25  Degrees,  Double-Slotted 

Flap  (fij  60  Degrees) 
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Figure  2-13.  Correlation  of  Lift  Generalized  Methodology  with  EBF  Test 
Data,  A  =  8,  Ac/4  =  25  Degrees,  Single-Slotted  Flap 
(6f  =  30  Degrees) 
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Figure  2-14.  Correlation  of  Lift  Generalized  Methodology  with  EBF  Test 
Data,  A  =  8,  =  25  Degrees,  Single-Slotted  Flap 

(6f  =  60  Degrees) 


2-70 


NACELLE  LOCATION  A 

- WITH  BLC  EFFECT 

- WITHOUT  BLC  EFFECT 


(C  •« 


VA1 


1.0 


REF:  GDIST  012-3 
RUNS  419-4*2 


•  (degree.  I 


BLOWN  LEADING-EDGE  KRUEGER  <15%e.  »,  -55  DEG.  C 

LE 


*.« 


Figure  2-15.  Correlation  of  Lift  Generalized  Methodology  with  IBF  Test 
Data,  A  ~  8,  =  25  Degrees,  Plain  Blown  Flap 

(6f  =  15  Degrees) 
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Figure  2-16.  Correlation  of  Lift  Generalized  Methodology  with  IBF  Test 
Data,  A  =  8,  Ac/4  =  25  Degrees,  Plain  Blown  Flap 
(5f  =  30  Degrees) 
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Figure  2-17.  Correlation  of  Lift  Generalized  Methodology  with  IBF  Test 
Data,  A  =  8,  Ac/4  =  25  Degrees,  Plain  Blown  Flap 
(6f  =  45  Degrees) 
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Figure  2-18.  Correlation  of  Lift  Generalized  Methodology  with  IBF 

Test  Data,  A  =  8,  Ac/4  =  25  Degrees,  Plain  Blown  Flap 
(if  =  60  Degrees) 
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Figure  2-19.  Correlation  of  Lift  Generalized  Methodology  with  MF/VT  Test 
Data,  A  -  8,  Ac/4  =  25  Degrees,  Double-Slotted  Flap 
(6f  =  30  Degrees),  Thrust  Vectored  Downward  37  Degrees 
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Figure  2-20.  Correlation  of  Lift  Generalized  Methodology  with  MF/VT  Test 
Data,  A  =  8,  Ac/4  =  25  D  agrees,  Triple-Slotted  Flap 
(6f  =  60  Degrees),  Thrust  Vectored  Downward  69  Degrees 
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Figure  2-21.  Correlation  of  Lift  Generalized  Methodology  with 
EBF  Test  Data,  A  »  7.1,  A c =  25  Degrees, 
Triple-Slotted  Flap  (6^  =  60  Degrees) 


Figure  2-22.  Correlation  of  Lift  Generalized  Methodology  with 
EBF  Test  Data,  A  »  9.5,  Ac/4  -  25  Degrees, 
Triple-Slotted  Flap  (<5j  *  60  Degrees) 


Figure  2-23.  Correlation  of  Lift  Generalized  Methodology  with 
EBF  Test  Data,  A  =  8.0,  Ac/4  »  12.5  Degrees, 
Triple-Slotted  Flap  (6^  =  60  Degrees) 


Figure  2-24.  Correlation  of  Lift  Generalized  Methodology  with 
EBF  Test  Data,  A  =  8.0,  Ac/4  =  35  Degrees, 
Triple-Slotted  Flap  (6f  «  60  Degrees) 
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Table  2-30.  Mechanical  Flap  Data  Correlation 
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Table  2-31.  Internally  Blown  Flap  Data  Correlation 
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Table  2-32.  Externally  Blown  Flap  Data  Summary  Substantiation  Correlation 
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Table  2-34.  Substantiation  Data  (or  Externally  Blown  Triple -Slotted  Flap  (Sheet  1) 
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Table2-34.  Substantiation  Data  for  Externally  Blown  Triple-Slotted  Flap  (Sheet  2) 
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Table  2-34,  Substantiation  Data  for  Externally  Blown  Triple-Slotted  Flap  (Sheet  3) 
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c  1 


% 

°w  /%h  i 

\  aero/max 

‘measured 

Calculated  %  Difference 

4.0 

-0.112 

11.14 

11.49 

3.14 

0.040 

13.14 

13.33 

1.45 

0.192 

15.24 

15.35 

0.72 

0.342 

17.03 

17.64 

3.58 

0.493 

19.07 

19.63 

3.20 

0.644 

21.37 

21.95 

2.71 

0.795 

23.23 

24.23 

4.30 

0.904 

24.40 

25.62 

5.00 

1.000  (20.75  deg) 

25.89 

26.65 

2.94 

2.0 

-0.130 

9.71 

10.00 

2.99 

0.027 

11.52 

11.76 

2.08 

0.181 

13.45 

13.29 

-1.19 

0.336 

15.41 

15.01 

-2.60 

0.491 

17.09 

17.00 

-0.53 

0.645 

18.97 

18.97 

0.00 

0.799 

20.84 

20.85 

0.05 

0.900 

21.88 

22.07 

0.87 

1.000  (20.18  deg) 

22.75 

22.68 

-0.31 

1.0 

-0.157 

8.47 

8.92 

5.31 

0.018 

10.42 

10.34 

-0.77 

0.194 

11.94 

11.83 

-0.92 

0.369 

13.70 

13.46 

-1.75 

0.542 

15.38 

15.09 

-1.89 

0.715 

16.86 

16.59 

-1.60 

0.886 

18.52 

18.12 

-2.61 

1.000  (17.68  deg) 

19.41 

18.77 

-3.30 

0 

-0.193 

5.29 

5.35 

1.13 

-0.007 

7.22 

7.23 

0.14 

0.174 

8.91 

8.54 

-4.15 

0.352 

10.52 

9.83 

-6.56 

0.531 

11.44 

11.06 

-3.32 

0.708 

12.94 

12.25 

-5.31 

0.884 

14.12 

13.15 

-6.87 

1.000  (17.43  deg) 

14.11 

13.50 

-4.32 

Mean  %  Difference  ■ 

-0.16 

Standard  Deviation- 

3.06 

Table 2 -34.  Substantiation  Data  for  Externally  Blown  Triple -Slotted  Flap  (Sheet  4) 


A  ■  8.00 

Ac^4“  12.5  deg 

xh-4-725w 

Z  - 1.45  c 

H  *  W 

aLE-Mde* 

*  60  deg 

«T  “Odeg 

a“/A«  0.935 
c  J 

°w*w(cL  ) 

y  aero/max 

cmeasured 

^calculated 

%  Difference 

4.0 

-0.110 

11.17 

10.91 

-2.31 

0.043 

12.95 

12.86 

-0.69 

0.196 

14.94 

14.87 

-0.47 

0.349 

17.29 

17.06 

-1.33 

0.500 

19.31 

19.32 

0.05 

0.653 

21.64 

21.66 

0.09 

0.802 

23.99 

23.81 

-0.75 

0.902 

25.17 

24.99 

-0.72 

1.000  (20.59  deg) 

26.68 

25.99 

-2.59 

2.0 

-0.125 

9.64 

9.58 

-0.62 

0.031 

11.42 

11.31 

-0.96 

0.186 

13.17 

12.99 

-1.37 

0.341 

15.12 

15.02 

-0.66 

0.496 

17.08 

17.06 

-0.12 

0.647 

18.89 

19.08 

1.01 

0.800 

20.65 

20.74 

0.44 

0.901 

21.88 

21.56 

-1.46 

1.000  (28. 22  deg) 

22.50 

22.37 

-0.93 

1.0 

-0.135 

8.80 

8.53 

-3.07 

0.022 

10.13 

10.08 

-0.49 

0.180 

11.86 

11.69 

-1.43 

0.336 

13.49 

13.41 

-0.59 

0.492 

15.45 

15.13 

-2.07 

0.647 

16.96 

16.83 

-0.77 

0.800 

17.63 

18.13 

2.84 

0.902 

18.92 

18.82 

-0.53 

1.000  (19.89  deg) 

18.80 

18.86 

0.32 

0 

-0.162 

5.27 

5.36 

1.71 

0.001 

6.91 

6.95 

0.58 

0.160 

8.39 

8.34 

-0.60 

0.321 

9.82 

9.80 

-0.20 

0.479 

10.88 

11.17 

2.67 

0.636 

11.66 

12.26 

5.15 

0.793 

12.86 

13.36 

3.89 

0.897 

13.17 

14.00 

6.30 

1.000  (19.46  deg) 

13.67 

14.32 

5.53 

Mean  %  Difference 

-  0*.16 

Standard  Deviation 

»  2.21 

2-82 


Table  2-34.  Substantiation  Data  for  Externally  Blown  Triple -Slotted  Flap  (Sheet  5) 


A  ■ 

8.00 

Ac/4  *  35  de* 

5^-4.72  5 

w  zh" 

1.45  cw 

6le 

•46  deg 

6,  =  60  deg ' 

-  dT=;0deg 

k~/a 

c 

.  *  0.935 

C 

»*, 

"w\t 

) 

cmeasured 

calculated 

%  Difference 

J 

V  ' 

lercymax 

4.0 

>0.112 

10.98 

10.72 

-2.37 

0.041 

12.97 

12.44 

-4.09 

0.195 

14.94 

14.34 

-4.02 

0.347 

16.87 

16.37 

-2.96 

0.499 

19.05 

18.44 

-3.20 

0.050 

20.99 

20.66 

-1.33 

0.802 

22.99 

22.80 

-0.83 

0.902 

24.13 

24.19 

0.25 

1.000 

(20.72  deg) 

25.32 

25.26 

-0.24 

2.0 

-0.128 

9.47 

9.37 

-1.06 

0.026 

11.14 

10.90 

-2.15 

0.182 

13.00 

12.54 

-3.54 

0.337 

14.63 

14.34 

-1.98 

0.492 

16.55 

16.15 

-2.42 

0.645 

18.30 

17.96 

-1.86 

0.797 

19.89 

19.83 

-0.30 

0.899 

21.03 

20.84 

-0.90 

1.000 

(20.33  deg) 

22.04 

21.86 

-0.82 

1.0 

-0.140 

7.94 

8.42 

6.05 

0.016 

9.99 

9.76 

-2.30 

0.174 

12.29 

11.23 

-8.62 

0.331 

12.91 

12.82 

-0.70 

0.436 

14.51 

14.42 

-0.62 

0.642 

15.87 

16.12 

1.58 

0.798 

17.34 

17.73 

2.25 

0.900 

18.10 

18.72 

3.43 

1.000  (20.02) 

18.71 

19.29 

3.10 

0 

-0.174 

5.14 

5.36 

4.28 

-0.008 

6.57 

6.80 

3.50 

0.155 

8.11 

8.26 

1.85 

0.316 

9.38 

9.57 

2.03 

0.476 

10.55 

10.78 

2.18 

0.636 

11.58 

11.97 

3.37 

0.792 

12.54 

12.86 

2.56 

0.898 

12.55 

13.51 

7.65 

1.000 

(19.41  deg) 

12.33 

13.90 

12.73 

Mean  %  Difference 

-  0.29 

Standard  Deviation 

-  3.85 
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Table  2-35,  Substantiation  Data  for  Triple -Slotted  Flap  with  Vectored  Thrust 


A  -  8.00  Ac^*25def  Xg«4.72ew  Z^  *  1.45 

*LE"55deg  6  *  60  deg  d  -  90  deg  TT/A  -0.935 

I  T  c  J 


% 

“'w'Vc  ) 

\  aero/ max 

‘measured 

• 

‘calculated 

%  Difference 

3.4 

-0.140 

6.79 

6.56 

-3.39 

0.006 

8.70 

8.34 

-4.14 

0.151 

10.19 

9.87 

-3.14 

0.294 

11.54 

11.45 

-0.78 

0.438 

13.54 

13.33 

-1.55 

0.581 

14.61 

15.07 

3.15 

0.722 

16.54 

16.64 

0.60 

0.814 

17.93 

17.30 

-3.51 

0.907 

18.73 

18.12 

-3.26 

1.000  (21.83  deg) 

19.68 

18.83 

-4.32 

2.0 

-0.186 

6.67 

6.69 

0.30 

0.004 

8.28 

8.21 

-0.85 

0.193 

9.73 

9.66 

-0.72 

0.380 

11.11 

11.17 

0.C4 

0.568 

12.81 

12.81 

0.00 

0.817 

14.92 

14.90 

-0.13 

0.953 

15.92 

15.31 

-3.83 

1.000  (16.70  deg) 

17.01 

15.90 

-6.53 

1.0 

-0.179 

6.14 

6.60 

7.49 

0.000 

7.76 

8.15 

5.03 

0.179 

9,14 

9.61 

5.14 

0.356 

10.47 

11.09 

5.92 

0.534 

11.93 

12.50 

4.78 

0.709 

13.37 

14.07 

5.24 

0.886 

14.78 

15.69 

6.16 

1.000  (17.65  deg) 

15.64 

16.15 

3.26 

0 

-0.211 

6.08 

5.12 

0.79 

-0.004 

6.87 

6.69 

-2.62 

0.199 

7.87 

7.86 

-0.13 

0.404 

9.28 

9.19 

-0.97 

0.605 

10,31 

10.29 

-0.19 

0.804 

11.66 

11.42 

-2.06 

1.000  (15.36  deg) 

12.50 

11.89 

-4.88 

Mean  %  Difference 

-  0.04 

Standard  Deviation 

-  3.67 

2-84 
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Table  2-36.  Substantiation  Data  for  Internally  Blown  Plain  Flap 


AR- 

aLE 

*.00  Ac/4-2»0«f 

V4-”*w 

*T  ■  Odec 

hmU4§aw 

A  /A  -0.935 
c  ] 

C  *0 

C»*T 

%  VcL  ) 

\  aertymax 

*  measured  c  calculated 

%  Difference 

2.0 

-0.113 

10.42 

11.47 

10.08 

0.029 

11.89 

13.11 

10.26 

0.169 

13.66 

14.74 

7.91 

0.309 

15.69 

16.46 

4.91 

0.449 

17.66 

18.?4 

3.28 

0.589 

19,36 

20.26 

2.01 

0.727 

22.00 

21.96 

-0.19 

0.819 

23.06 

23.05 

-0.04 

0.910 

24.32 

23.83 

-2.01 

1.000  (22.27  d«() 

25.16 

24.49 

-2.26 

1.0 

-0.176 

9.00 

9.55 

6.11 

0.021 

10.55 

10.91 

3.41 

0.218 

12.31 

12.30 

-0.08 

0.415 

14.24 

13.70 

-3.79 

0.610 

16.04 

15.05 

-6.17 

0.806 

17.56 

16.48 

-6.26 

1.000  (15.84  dec) 

19.15 

17.00 

-11.23 

0.8 

-0.193 

7.40 

8.12 

9.73 

0.008 

8.81 

9.45 

7.26 

0.209 

10.57 

10.80 

2.18 

0.407 

11.66 

11.99 

2.83 

0.607 

13.42 

13.25 

-1.27 

0.804 

14.64 

14.51 

-0.89 

1.000  (15.89  dec) 

16.09 

15.26 

-5.16 

0.2 

-0.210 

6.09 

6.72 

10.34 

-0.006 

7.38 

7.89 

6.91 

0.198 

8.93 

9.10 

1.90 

0.399 

9.97 

10.18 

2.11 

0.601 

11.31 

11.38 

0.62 

0.801 

12.64 

12.31 

-1.83 

1.000  (18.84  dec) 

13.47 

13.08 

-2.90 

0 

-0.156 

2.40 

2.47 

2.92 

-0.030 

3.55 

3.43 

-3.38 

0.096 

4.76 

4.54 

-4.62 

0.221 

5.95 

5.65 

-5.04 

0.846 

6.69 

6.72 

0.45 

0.470 

8.22 

7.82 

-4.87 

0.593 

9.18 

8.60 

-6.32 

0.675 

9.84 

9.53 

-3.  IB 

0,757 

10.40 

10.15 

-2.40 

0.836 

10.56 

10.76 

1.69 

0.919 

11.22 

11.22 

0.00 

1.000  (24.90  dec) 

11.48 

11.54 

0.52 

Mean  %  Difference 

» 

0.5B 

Standard  Deviation 

■ 

5.08 

meitmsm  wwwwMWJWWIi 
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Table  2-37.  Substantiation  Data  for  Externally  Blown  Double -Slotted  Flap  (Sheet  1) 


A  >8.00  A^«25deg 

Xh«4.72cw 

2j.l.«8w 

®le“ 

85  deg  6^  *  60  deg 

aT“0deg 

A  /A  ■  0.828 
•  J 

c-. 

a  /a  ,  .  t 

W  W  fCL  ^ 

• 

t 

measured  calculated 

%  Difference 

\  LaeroJmax 

4.0 

0.029 

12.23 

12.35 

0.98 

0.170 

13.93 

14.27 

2.44 

0.310 

16.04 

16.33 

1.81 

0.449 

18.00 

19.39 

2.17 

0.589 

20.39 

20.66 

1.32 

0.729 

22.36 

23.04 

3.04 

0.820 

23.37 

24.21 

3.59 

0.910 

24.31 

25.28 

3.99 

1.000  (22.45  deg) 

25.33 

26.08 

2.96 

2.0 

0.020 

10.60 

10.67 

0.66 

0.177 

12.47 

12.25 

-1.76 

0.332 

14.26 

13.93 

-2.31 

0.489 

16.19 

15.85 

-2.10 

0.644 

17.95 

17.70 

-1.39 

0.798 

19.26 

19.41 

0.78 

0.901 

20.30 

20.46 

0.79 

1.000  (20.10  deg) 

21.45 

21.30 

-0.70 

1.0 

0.011 

9.30 

9.19 

-1.18 

0.170 

11.28 

10.63 

-5.76 

0.327 

12.58 

12.17 

-3.26 

0.485 

13.83 

13.78 

-0.36 

0.640 

15.91 

15.40 

-3.21 

0.796 

17.91 

16.97 

-5.25 

0.898 

17.63 

17.75 

0.68 

1.000  (19.83  deg) 

18.41 

18.28 

-0.7l 

0 

-0.016 

5.94 

5.14 

-13.47 

0.149 

7.21 

6.44 

-10.69 

0.309 

8.33 

7.44 

-10.68 

0.469 

9.50 

8.66 

-8.84 

0.629 

10.79 

9.99 

-7.41 

0.790 

12.07 

11.22 

-7.04 

0.895 

12.47 

11.91 

-4.49 

1.000  (19.29  deg) 

12.49 

12.40 

-0.72 

Mean  %  Diffiecenoe  ■  2.00 

.Standard  Deviation  >  4.49  .  . 

Table  2-37.  Substantiation  Data  for  Externally  Blown  Double -Slotted  Flap  (Sheet  2) 


A  =  8. 00  -  A  ^  3  25  deg 

*  Le  “  ®5  deg  8^  a  00  deg 


aw/aw/c 


0.J29 

0.170 

0.310 

0.449 

0.589 

0.729 

0.820 

0.910 

1.000  (22.45  deg) 


0.020 

0.177 

0.332 

0.489 

0.644 

0.798 

0.901 

1.000  (20.10  deg) 


0.011 

0.170 

0.327 

0.485 

0.640 

0.796 

0.898 

1.000  (19.83  deg) 


-0.016 

0.149 

0.309 

0.469 

0.629 

0.790 

0.895 

1.000 


16.11 

18.39 

20.98 
23.02 
25.72 
27.80 

28.98 
29.82 
30.42 


14.04 

16.35 

18.28 

20.57 

22.93 

24.43 

25.38 

25.96 


12.50 

14.36 

16.03 

17.94 

19.77 

21.31 

21.57 

21.99 


7.35 

9.50 

11.02 

12.70 

13.72 

15.22 

14.89 

12.98 


2-87 


4.72  S. 


measured 


16.04 

18.53 

21.16 

23.70 

26.41 

29.18 

30.47 

31.59 

32.38 


13.93 
16.01 
18.12 
20.54 
22.76 
24.75 

25.94 
26.85 


12.09 

13.98 

15.94 

17.94 
19.89 
21.75 
22.66 
23.13 


6.88 

8.59 

9.87 

11.42 

13.06 

14.52 

15.33 

15.86 


Z  m0.6Bc„, 
H  W 

A /A,  «  0.935 

e  J 


calculated  %  Difference 


-0.43 

0.76 

0.86 

2.95 

2.68 

4.96 
5.14 
5.94 
6.44 


-0.78 

-2.08 

-0.92 

-0.15 

-0.74 

1.31 

2.21 

3.43 


-3.29 

-2.65 

-0.56 

0.00 

0.61 

2.06 

5.05 

5.18 


-6.39 

-9.58 

-10.44 

-10.08 

-4.81 

-4.60 

2.96 

22.19 


Mean  %  Difference 
Standard  Deviation 


£MiL  J 


Table  2-37,  Substantiation  Data  for  Externally  Blown  Double -Slotted  Flap  (Sheet  3) 


A -8.00  A^- 25  deg  3^-4.72  6^,  Z^-145cw 

5.-55  deg  8.  =  45  deg  8_  -  0  deg  A  /A  -  0. 740 

LE  f  T  c  J 

°w/aw/CL  \  Measured  *  calculated  %  Difference 

\  aero/ max 


0.006 

10.18 

10.00 

-1.77 

0.126 

11.93 

11.72 

-1.76 

0.249 

13.64 

13.57 

-0.51 

0.367 

15.59 

15.51 

-0.51 

0.488 

17.81 

17<72 

-0.51 

0.608 

20.06 

20.23 

0.85 

0.687 

21.46 

21.61 

0.70 

0.769 

22.73 

23.06 

1.45 

0.846 

24.37 

24.91 

2.22 

0.923 

25.47 

25.98 

2.00 

1.000  (26.22  deg) 

26.94 

26.84 

-0.37 

0.001 

8.84 

8.50 

-3.85 

0.133 

10.32 

10.00 

-3.10 

0.265 

12.13 

11.58 

-4.53 

0.395 

13.64 

13.41 

-1.69 

0.526 

15.57 

15.20 

-2.38 

0.657 

17.48 

17.46 

-0.11 

0.742 

18.19 

18,51 

1.76 

0.829 

19.73 

19.90 

0.86 

0.915 

20.76 

20.92 

0.77 

1.000  (23.92  deg) 

21.67 

21.84 

0.78 

-0.005 

7.83 

7.35 

-6.13 

0.142 

9,04 

9.02 

-0.22 

0.285 

10.66 

10.27 

-3.66 

0.430 

12,03 

11.78 

-2.08 

0-574 

13.85 

13.41 

-3.18 

0. 716 

15.27 

15.08 

-1.24 

0.412 

16.35 

16.44 

0.55 

O.S07 

17.03 

17.15 

0.70 

1.000  (21.68  deg) 

17.79 

18.06 

1.52 

-0.017 

5.27 

4.62 

-12.33 

0.134 

6,93 

6.18 

-10.82 

0.280 

8.40 

7.65 

-8.93 

0.425 

9.53 

6.88 

-6.82 

0.572 

10.36 

10.21 

-1.45 

0.716 

11.49 

11.35 

-1.22 

0.811 

11.93 

12.07 

'  £.17 

0.906 

12.64 

12.67 

0.24 

1.000  (21.28  deg) 

11.86 

13.07 

10.20 

Mean  %  Difference 

«  -1.37 

Standard  Deviation 

*=  3.90 
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Table  2-37.  Substantiation  Data  for  Externally  Blown  Double -Slotted  Flap  (Sheet  4) 


A  » 

8 

LE 

8.00  =  25  deg 

=  55  deg  8  =  45  deg 

X|j  *  4.72  c  w 

8T  -  0  deg 

V0-68^ 

A  /A  -0.740 

0  J 

c 

a.  /ot__.  „ 

f 

c 

M 

J 

W  WfCL  ) 

measured  calculated 

%  Difference 

\  aero/  max 

• 

4.0 

0.006 

13.38 

12.47 

-6.80 

0.128 

15.76 

14.74 

-6.47 

0.249 

17.60 

17.12 

-3.11 

0.367 

20.25 

19.53 

-3.51 

3.488 

22.55 

22.22 

-1.46 

0.608 

25.15 

25.19 

0.16 

0.687 

26.67 

26.76 

0.34 

0.765 

27.91 

28.37 

1.67 

0.846 

29.62 

30.45 

2.80 

0.923 

30.64 

31.55 

2.97 

1.000  (26. 62  deg) 

31.54 

32.41 

2.76 

2.0 

0.001 

11.58 

10.81 

-6.65 

0.133 

13.20 

12.77 

-3.26 

0.265 

15.49 

14.81 

-4.39 

0.395 

17.43 

17.09 

-1.95 

0.526 

19.84 

19.27 

-2.97 

0.657 

22.24 

21.97 

-1.21 

0.742 

22.93 

23.14 

0.92 

0.829 

23.95 

74.72 

3.22 

0.915 

24.52 

25.82 

5.30 

1.000  (23.92  deg) 

24.99 

26.79 

7.20 

1.0 

-0.005 

10.26 

9.57 

-8.73 

0.142 

11.74 

11.32 

-3.58 

0.285 

13.86 

13.26 

-4.33 

0.430 

15.52 

15.15 

-2.38 

0.574 

17.27 

17.14 

-0.75 

0.716 

18.97 

19.12 

0.79 

0.812 

19.86 

20.73 

4.38 

0.907 

19.79 

21.50 

8.64 

1.000  (21.68  deg) 

20.09 

22.50 

12.00 

0 

-0.017 

6.87 

6.17 

-10.19 

0.134 

9.13 

8.24 

-9.75 

0.280 

10.46 

10.14 

-2.97 

0.425 

12.04 

11.69 

-2.91 

0.572 

12.79 

13.32 

4.14 

0.716 

13.60 

14.65 

7.72 

0.811 

13.79 

15.47 

12.18 

0.806 

12.51 

16.10 

28.70 

1.000  (21.28  deg) 

11.32 

16.52 

— 

Mean  %  Difference  ■  0.54 

Standard  Deviation  ■  7.15 
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Table  2-37.  Substantiation  Data  for  Externally  Blown  Double -Slotted  Flap  (Sheet  5) 


A  -8.00 
*LE“55deg 


A^- 12.8  deg 
6f-30deg 


Xh-4.72  5w 

«T  -  0  deg 


V1-45  5* 

A  /A.  -0.502 

e  J 


/“W(°L  ) 

V  aero /max 

‘measured 

‘calculated 

%  Difference 

0.099 

7.79 

9.11 

16.94 

0.212 

9.49 

10.68 

12.54 

0.326 

11.30 

12.43 

10.00 

0.439 

13.41 

14.28 

6.49 

0.551 

15.62 

16.34 

4.61 

0.628 

17.30 

17.97 

3.87 

0.702 

18.88 

19,40 

2.75 

0.776 

20.39 

28.83 

2.16 

0.851 

21.71 

22.35 

2.95 

0.925 

23.36 

23.47 

0.47 

1.000  (27.77  deg) 

25.01 

24.91 

-0.41 

0.099 

6.64 

7.33 

10.39 

0.212 

8.54 

6.61 

3.16 

0.326 

10.07 

10.50 

4.27 

0.439 

11.41 

12.20 

6.92 

0.553 

13.55 

14.22 

4.94 

0.628 

15.00 

15.45 

3.00 

0.703 

16.21 

16.86 

4.01 

0.778 

17.61 

18.24 

3.58 

0.851 

18.84 

19.70 

4.56 

0.926 

20.05 

20.63 

2.89 

1.000  (27.61  deg) 

20.97 

21.39 

2.00 

0.106 

6.64 

6.38 

-3.92 

0.228 

8.01 

7.73 

-3.50 

0.352 

9.42 

9.44 

0.21 

0.474 

10.87 

11.01 

1.29 

0.596 

12.28 

12.80 

4.23 

0.678 

13.69 

14.08 

2.85 

0.758 

14.61 

15.14 

3.63 

0.839 

15.65 

16.40 

4.86 

0.921 

18.73 

17.99 

7.53 

1.000  (25. 47  deg) 

17.31 

18.17 

4.97 

0.103 

5.45 

4.29 

-21.28 

0.228 

6.71 

5.79 

-13.71 

0.353 

7.89 

7.29 

-7.60 

0.475 

9.29 

8.82 

-5.06 

0.597 

10.61 

10.29 

-3.02 

0.678 

11.05 

11.15 

0.90 

0.760 

11.74 

12.08 

2.90 

0.839 

12.09 

12.89 

6.62 

0.920 

12.82 

13.69 

6.79 

1.000  (25.25  deg) 

13.30 

14.30 

7.52 

Mean  %  Difiemce  -  2.58 
Standard  DevMfca  -  6.45 
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Table  2-37.  Substantiation  Data  for  Externally  Blown  Double -Slotted  Flap  (Sheet  6) 


A -8.00  12.5  deg  3^-4.72Bw  ZH-0.55ow 

8LE«55deg  8j*30  deg  ftT»0deg  A^/A^- 0.502 


J 

!-wV(c  \ 

'  aero/ max 

«  * 

measured 

Ccalculated 

%  Difference 

4.0 

0.099 

11.57 

10.46 

-9.69 

0.212 

13.81 

12.77 

-7.53 

0.326 

16.18 

14.96 

-7.54 

0.439 

18.46 

17.28 

-6.39 

0.551 

20.73 

19.75 

-4.73 

0.628 

22.15 

21.68 

-2.12 

0.702 

23.57 

23.31' 

-1.10 

0.778 

24.87 

24.94 

0.28 

0.851 

26.01 

25.37 

-2.47 

0.925 

27.03 

27,89 

3.18 

1.000  (27. 77  deg) 

28.57 

29.42 

2.98 

2.0 

0.099 

10.23 

9.04 

-n,6S 

0.212 

12.25 

10.94 

-  <.0.69 

0.326 

14.15 

13.07 

-7.63 

0.439 

16.11 

15.21 

-5.59 

0.553 

17.83 

17.65 

-1.01 

0.628 

19.16 

19106 

-0.52 

0.703 

20.03 

20.73 

3.49 

0.778 

21.06 

22.24 

5.00 

0.851 

21.83 

23.90 

9.48 

0.926 

23.11 

24.83 

7.44 

1.000  (27.61  deg) 

26.10 

25.61 

-1.88 

1.0 

0.106 

9.49 

8.12 

-14.44 

0.228 

10.99 

9.89 

-10.01 

0.352 

12.53 

12.04 

-3.91 

0.474 

14.41 

13.99 

-2.91 

0.596 

15.72 

16.13 

2.61 

0.678 

16.68 

17.63 

5.70 

0.758 

17.33 

18.87 

8.89 

0.839 

18.25 

20.29 

11.18 

0.921 

19.01 

22.07 

16.10 

1.000  (25.45  deg) 

19.51 

22.19 

13.47 

0 

0.103 

7.99 

5.93 

-29.78 

0.228 

9.44 

7.89 

-16.42 

0.353 

10.89 

9.80 

-10.01 

0.475 

12.29 

11.68 

-4.96 

0.597 

13.34 

13.42 

0.60 

0.678 

13.72 

14.47 

5.47 

0.760 

13.67 

19.48 

13.24 

0.839 

12.32 

16.36 

— — 

0.920 

8.12 

17.21 

— 

1.000  (25.25  deg) 

8.34 

17.84 

— 

Mean  %  Difference 

-  -1.52 

Standard  Deviation 

-  -8.92 

Table  2-37,  Substantiation  Data  for  Externally  Blown  Double -Slotted  Flap  (Sheet  7) 


A -8.00  A^- 12.5  deg  3^-2.92  5^,  - 1.45  c  w 

8-55  deg  8.  -  30  deg  5  -0  deg  A  /A  -0.502 

LE  I  i  C  J 


% 

°W/“W(CL  ) 

'  aero/ max 

‘measured 

‘calculated 

%  Difference 

4.0 

0.100 

8.96 

9.68 

8.04 

0.213 

10.55 

11.26 

6.73 

0.327 

12.70 

13.01 

2.44 

0.440 

14,51 

14.88 

2.55 

0.552 

16.08 

16.89 

6.04 

0.628 

17.22 

18.21 

5.75 

0.702 

18.60 

19.68 

5.81 

0.777 

19.75 

20.99 

6.28 

0.853 

21.08 

22.45 

6.50 

0.927 

22.59 

23.77 

5.22 

1.000  (27. 77  deg) 

24.30 

24.86 

2.30 

2.0 

0.098 

8.03 

8.01 

-0.25 

0.212 

9.69 

9.44 

-2.58 

0.326 

11.01 

11.11 

0.91 

0.439 

12.70 

12.90 

1.57 

0.553 

14.18 

14.76 

4.09 

0.627 

15.34 

15.97 

4.11 

0.702 

16.68 

17.26 

3.48 

0.777 

17.79 

18.47 

3.82 

0.857 

18.78 

19.62 

4.47 

0.926 

19.81 

20.80 

5.00 

1.000  (27. 63  deg) 

21.10 

21.42 

1.52 

1.0 

0.106 

7.63 

7.03 

-7.86 

0.230 

8.71 

8.43 

-3.21 

0.352 

10.18 

10.03 

-1.47 

0.474 

11.42 

11.67 

2.19 

0.597 

12.96 

13.35 

3.01 

0.677 

13.79 

14.50 

5.15 

0.759 

14.76 

15.67 

6.17 

0.839 

15.62 

16.68 

6.79 

0.921 

16.48 

17.82 

8.13 

1.000  (25.48  deg) 

17.31 

18.58 

7.34 

0 

0.103 

6.44 

4.93 

-23.95 

0.227 

7.58 

6.46 

-14.53 

0.350 

9.02 

7.89 

-12.53 

n.472 

9.99 

9.39 

-6.11 

0.595 

11.02 

10.89 

-1.18 

0.674 

11.77 

11.62 

-1.27 

0.755 

18.06 

12.35 

.  2.40 

0.836 

12.33 

13.21 

7.14 

0.916 

12.58 

13.98 

11.18 

1.000  (25.27  deg) 

12.46 

14.56 

16.85 

Mean  %  Difference 

-  2.07 

Standard  Deviation 

-  7.04 
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Table  2-37*  Substantiation  Data  tor  Externally  Blown  Double-Slotted  Flap  (Sheet  8) 


A  ■  8.00  A^4«  12.6  deg  XH  =  2.92cw  ZH«0.55cw 

6_  _  *  55  deg  6.  *  30  deg  5_  «  0  deg  A  /A.  «  0.502 

L£  i  r  o  j 


% 

.V”w(cL  j  • 

V  arro/  mix 

‘measured.* 

‘calculated 

%  DiffSrenoe 

4.0 

0.100 

12.76  • 

11.45 

-10.27 

0.213 

14.42 

13.51 

-8.31 

0.327 

17.44 

15.81 

•9.36 

0.440 

19.47 

18.16 

-6.78 

0.652 

21.78 

20.65 

-5.19 

0.628 

23.34 

22.34 

-4.28 

0.702 

24.88 

24.03 

-3.42 

0.777 

26.11 

25.51 

-3.83 

0.853 

27,91 

27.20 

-2.54 

0.927 

30.01 

28.77 

-4.13 

1.000  (27. 77  deg) 

32.85 

29.  &9 

-9.01 

2.0 

0.098 

11.39 

9.94 

-12.73 

0.212 

13.39 

11.82 

-11.73 

0.326 

15.50 

13.94 

-10.06 

0.439 

17.44 

16.19 

-7.17 

0.553 

19.47 

18.51 

-4.93 

0.627 

20.68 

19.97 

-3.43 

0.702 

22.00 

21.49 

-2.32 

0.777 

23.14 

22.95 

-0.82 

0.857 

24.48 

24.29 

-0.78 

0.926 

26.43 

25.51 

-3.48 

1.000  (27.63  deg) 

30.07 

26.14 

-13.07 

1.0 

0.106 

10.50 

8.97 

-14.57 

0.230 

12.26 

10.81 

-11.83 

0.357 

13.86 

12.84 

-7.36 

0.474 

15.67 

14.95 

-4.69 

0.597 

17.38 

17.00 

-2.19 

0.677 

18.58 

18.37 

-1.13 

0.759 

19.36 

19.80 

2.27 

0.839 

20.25 

20.91 

3.26 

0.921 

21.15 

22.21 

5.01 

1.000  (26.48  deg) 

22.19 

23.04 

3.83 

0 

0.103 

8.94 

6.74 

-24.61 

0.227 

10.59 

8.78 

-17.09 

0.350 

12.26 

10.62 

-13.38 

0.472 

13.76 

12.49 

-9.23 

0.595 

14.91 

14.34 

-3.82 

0.674 

15.41 

15.18 

-1.49 

0.755 

15.39 

16.06 

4.35 

0.836 

14.05 

17.04 

— 

0.916 

13.21 

17.89 

— - 

1.000  (2:*.  27  deg) 

10.08 

18.45 

— 

Mean  %  Difference 

-  -5.86 

Standard  Deviation 

-  6.25 
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2.3  SPECIFIC  AIRCRAFT  CONFIGURATIONS  CORRELATION  STUDIES 

The  specific  aircraft  that  were  analyzed  are  listed  below: 

Group  1  -  F-4C,  F-106,  CV880 

Group  2  -  A-4D,  F-102,  AX  (Model  CV70) 

Group  3  —  F-101,  F-104,  X-3 
Group  4  —  NAVION 

The  data  readily  available  on  some  of  the  configurations  were  limited,  therefore,  there 
are  some  areas  that  comparisons  are  not  shown  for  all  configurations.  The  dynamic 
derivatives  for  some  configurations  are  questionable  as  to  whether  they  are  test  data 
or  estimated  data  as  they  were  extracted  from  reports  that  did  not  make  that  distinc¬ 
tion.  The  data  for  the  F-102  and  F-104  extracted  from  References  3.35  and  3.37, 
respectively,  are  the  only  ones  that  are  known  to  be  dynamically  tested. 

The  flight  conditions  utilized  in  the  correlation  studies  for  each  of  the  specific  aircraft 
configurations  are  presented  in  Table  2-38.  The  altitudes  were  selected  for  eachMach 
number  in  order  to  approximate  the  wind  tunnel  test  Reynold's  number,  rigid  data  con¬ 
ditions  or  flight  test  conditions  as  indicated  in  the  table. 

2.3.1  GROUP  1  CONFIGURATIONS  (REFERENCES  3.52.  3.53.  3.55).  The  compari¬ 
son  between  estimated  and  test  data  for  the  F-4C,  F-106,  and  CV880  is  presented  on 
Figures  2-25  through  2-48.  The  results  show  the  same  trends  that  were  found  in  the 
general  correlation  studies.  In  some  cases  the  methodology  predicted  well  for  all 
three  configurations  while  for  other  derivatives  it  may  predict  well  for  one  and  not  the 
other.  The  predicted  lift  curve  sbpe,  sldeforce  due  to  sideslip,  rolling  moment  due 
to  roll  rate  appear  reasonable  for  all  configurations.  The  remainder  of  the  deriva¬ 
tives  varied  in  the  prediction  accuracy  depending  on  the  configuration. 

2.3.2  GROUP  2  CONFIGURATIONS  (REFERENCES  3.35.  3.46.  3.51).  The  estimated 
data  for  the  AX,  A-4D  and  F-102  are  compared  with  test  data  in  Figures  2-49  through 
2-71.  The  predictability  of  the  methodology  is  approximately  the  same  as  has  been 
recognized  throughout  the  study.  Some  configurations  predict  reasonably  well  for 
some  derivatives  and  not  so  good  on  others.  In  most  instances,  there  is  some  con¬ 
figuration  that  correlates  with  the  test  data  for  a  particular  derivative.  The  only 
derivative  that  has  consistently  shown  good  agreement  is  the  lift  curve  slope.  The 
spoiler  data  shown  in  Figures  2-70  and  2-71  show  poor  agreement  but  the  magnitude 

of  the  derivatives  makes  it  difficult  to  extract  the  test  data  and  could  result  in  signifi¬ 
cant  differences. 

2.3.3  GROUP  3  CONFIGURATIONS  (REFERENCES  3.30.  3.37.  3.45).  The  correla¬ 
tion  results  for  the  X-3,  F-101,  and  F-104  are  presented  in  Figures  2-72  through 
2-84  and  the  same  conclusion  can  be  made  about  this  data  package  as  for  the  previous 
ones. 
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2.3.4  GROUP  4  CONFIGURATION  (REFERENCE  3.56).  The  comparison  of  the  NAVI- 
ON  aircraft  characteristics  estimated  by  the  Flying  Qualities  Program,  the  author  of 
Reference  3. 56  utilizing  DATCOM  methods  and  data  extracted  from  flight  test  present¬ 
ed  in  Table  2-39.  The  data  computed  by  the  FQP  Program  agrees  reasonably  well 
with  the  other  data,  except  for  the  rudder  effectiveness. 


TABLE  •  2-38 
FLIGHT  CONDITIONS 


CONFIG. 

Ref. 

M 

h(ft) 

Basis 

CV-880 

3.52 

0.2  -  0.95 

60000. 

Rigid  Data 

F-4C 

3.55 

0.2  -  2.0 

55000. 

Rigid  Data 

F-106 

3.53 

0.2 -2.0 

60000. 

Rigid  Data 

AX 

3.46 

0.26 

69500. 

Rn  = 

1.1  xlO8 

0.50 

61000. 

s 

3.2  X  10® 

0.60 

65000. 

0.65 

66500. 

0.70 

68000. 

0.80 

70500. 

A-4D 

3.51 

0.6  -  1.0 

35000. 

Rigid  Data 

F-102 

3.35 

0.25 

67000 

Rn  = 

2.75x10® 

0.60 

96000. 

S 

1.50x10® 

0.85 

104000. 

0.92 

105000. 

0.94 

106000. 

X-3 

3.30,3.41 

0.20 

62800. 

Rn  = 

2.0X10® 

3.42,3.43 

0.25 

65500. 

2.12  x  10® 

0.40 

67000. 

s 

3.2  x  10® 

0.60 

69000. 

= 

4.25  x  10® 

0.70 

72000. 

= 

4.55x10® 

0.80 

73500. 

s 

4.7x10® 

0.90 

75000. 

= 

4.9x10® 

0.925 

75500. 

s 

4.92  x  10® 

F-101 

3.45 

0.60 

73000. 

R  - 

1.5x10® 

0.80 

74562. 

s 

1.82  XlO 

0.85 

74953. 

= 

1.88x10® 

0.90 

75343. 

= 

1.96x10® 

0.92 

75500. 

= 

2.0  x  10® 

F-104 

3.37,3.51 

0.25 

67500. 

R  = 

1.5x10® 

6. 4, 6. 5 

0.80 

83000. 

2.0x10® 

0.90 

85000. 

- 

2.3  x  10® 

0.95 

82000. 

= 

2.7  x  10® 

1.00 

82500. 

= 

2 . 8  x  10®fi 

1.06 

83500. 

- 

2.81  x  10® 

1.82 

109000. 

- 

1.38  x  10® 

2.01 

117000. 

= 

L.02  x  10® 

NAVION 

3.56 

.22 

5000. 

Flight  Test 
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SECTION  3 

METHODOLOGY  ASSESSMENT 


The  correlation  studies  have  indicated  certain  factors  have  a  significant  Influence  on 
the  validity  of  the  correlation  studies  and  should  be  carefully  considered  when  evaluat¬ 
ing  the  results.  Initial  evaluation  indicates  that  large  differences  may  result  from 
several  sources,  such  as,  extracting  data  from  the  reference  sources,  matching  test 
Reynolds  number,  tail  arms  due  to  a.c.  prediction  techniques,  body  side  area,  force 
break  Mach  numbers,  apparent  mass  factor  due  to  addition  of  a  horizontal  tail  in  pre¬ 
sence  of  the  body,  methodology  basis,  wing-body  contribution  to  the  longitudinal  dynam¬ 
ic  characteristics  and  adequate  configuration  representation. 

A  brief  summary  of  these  factors  is  presented  in  the  following  sections. 

3. 1  REYNOLDS  NUMBER  EFFECTS 

The  Reynolds  number  influences  the  section  lift  curve  slope  factor  and  the  yawing 
moment  due  to  sideslip.  The  effect  on  lift  curve  slope  appears  to  be  insignificant  but 
the  yawing  moment  is  very  sensitive  as  evidenced  by  the  factor  (KR  )  presented  in 
Figure  5.2.3. 1-9  of  the  DATCOM,  The  program  input  was  modified  to  provide  for 
inputing  an  altitude-Mach  number  schedule  in  order  to  have  a  better  match  of  test 
conditions. 

3.2  BODY  SIDE  AREA  EFFECTS 

The  wing-body  yawing  moment  due  to  sideslip  Cn^  is  directly  proportional  to  the  body- 
side  area.  A  good  representation  of  the  side  area  must  be  available  in  order  to  pro¬ 
vide  good  correlation  of  this  derivative.  A  new  input  has  been  added  to  the  body  input 
to  provide  for  a  more  exact  accounting  of  body  side  area.  The  new  input  is  the  height 
of  the  fuselage  at  the  base  and  is  designated  HAFT, 

3.3  TAIL  ARM  EFFECTS 

The  moment  arms  utilized  to  evaluate  the  contribution  of  the  wing-body,  horizontal 
tail/  canard,  vertical  tail,  ventral  and  the  control  surfaces  to  the  aerodynamic  charac¬ 
teristics  are  based  on  the  aerodynamic  center  location  of  the  particular  surface  under 
consideration.  The  present  methodology  estimates  the  a.c.  with  relatively  poor  accur¬ 
acy  and  thus  propagates  into  all  moment  evaluation. 
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3.4  FORCE  BREAK  MACH  NUMBER  EFFECTS 


The  force  break  Mach  number  directly  influences  the  transonic  lift  curve  slope  and 
aerodynamic  center  location,  but  indirectly  Influences  moments,  both  in  pitch  and 
sideslip.  The  methodology  in  the  DATCOM  limits  the  force  break  Mach  number  to 
1. 0,  which  in  turn  effects  the  force  and  location  of  the  force  for  most  high  speed  air¬ 
craft  with  wings  designed  to  extend  the  drag  rise  to  high  speeds  for  efficient  combat  per¬ 
formance.  The  correlations  indicate  for  most  cases,  that  as  the  transonic  speed 
approaches  1.0  from  either  the  subsonic  or  supersonic  Mach  number,  the  percentage 
error  increases  which  supports  the  above  observation. 

3.5  HORIZONTAL  TAIL  APPARENT  MASS  FACTOR  EFFECTS 

One  parameter  which  significantly  effects  the  supersonic  sideslip  characteristics  and 
warranted  mentioning  is  the  apparent  mass  factor  due  to  the  addition  of  a  horizontal 
tail  in  presence  of  the  body  (Kh^).  This  term  is  obtained  from  Figure  5.3.1.1-2500 
of  the  DATCOM  and  indicates  a  large  variation  if  the  tall  is  off  the  centerline.  The 
correlation  studies  have  indicated  that  this  term  results  in  increments  that  appear  to 
be  too  large.  A  more  complete  data  base  on  a  wide  variety  of  configurations  would 
be  required  to  confidently  make  any  judgements  as  to  any  modifications. 

3.6  EXTRACTION  OF  TEST  DATA 

The  extracting  of  the  test  data  from  the  reference  source  is  another  area  where  dis¬ 
crepancies  may  occur.  Tables  2-40  through  2-43  Illustrate  the  differences  that  may 
result  when  different  people  extract  the  data.  The  first  line  in  the  tables  are  the  cal¬ 
culated  and  test  values  from  the  present  study.  The  second  line  lists  of  values  from 
the  DATCOM  with  the  appropriate  section  and  reference  denoted  in  the  reference 
column.  The  correlations  presented  in  the  DATCOM  were  done  by  hand  and  therefore 
only  a  limited  number  of  cases  could  be  utilized.  The  chance  of  discrepancies  in  the 
various  cases  is  also  much  greater  than  with  the  present  computer  system. 

3.7  METHODOLOGY  BASIS 

The  manner  in  which  the  methodology  was  derived  can  make  a  difference  in  the  accur¬ 
acy  of  the  correlations.  It  was  clearly  observed  during  the  present  correlations  that 
the  location  of  the  aerodynamic  center  based  on  the  mean  aerodynamic  chord,  for 
most  cases  evaluated,  was  more  than  plus  or  minus  ten  percent  of  the  test  results. 
Further  investigations  provided  enough  Information  to  rationalize  that  these  results 
were  possible.  The  methodology  was  developed  based  on  correlations  of  the  a.c.  as 
a  function  of  root  chord  and  was  constructed  to  evaluate  within  plus  or  minus  ten  per¬ 
cent  for  the  cases  evaluated.  Since,  for  most  basic  configurations  the  ratio  of  the 
root  chord  to  the  mean  aerodynamic  chord  is  between  1.5  and  2.5,  it  is  logical  that 
the  percent  error  of  the  a.  c.  based  on  c  will  be  higher.  The  cranked  wing  data 
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presented  in  Table  2-8  is  illustrative  of  this  shift  in  the  aerodynamic  center.  The 
configuration  presented  in  Reference  4. 2  of  the  bibliography  was  utilized.  The  span- 
wise  location  of  the  reference  chord  is  different  from  the  basic  mean  aerodynamic 
chord,  therefore,  the  data  had  to  be  shifted  in  order  to  compare  with  the  predicted 
data.  It  appears  that  this  reference  system  is  utilized  by  the  NASA  for  all  the  cranked 
wing  configurations. 

For  wings  that  have  the  tips  cranked  forward  the  methodology  in  the  DATCOM  pre¬ 
dicts  the  aerodynamic  center  at  an  extreme  aft  position  compared  to  test  data.  The 
correlations  which  formed  the  base  for  the  methodology  did  not  consider  configuration 
of  this  class  (Reference  5.6  and  4.1). 

Most  of  the  methodology  in  the  DATCOM  was  developed  utilizing  a  relative  small  data 
base  which  limits  the  suggested  accuracy  to  a  small  number  of  configurations.  For 
cases  outside  this  range  the  percentage  error  between  calculated  and  test  data  rapidly 
increases.  This  has  been  evidenced  throughout  the  present  study  where  the  method¬ 
ology  predicts  one  configuration  reasonably  well  and  not  others, 

3.8  WING- BODY  CONTRIBUTION  TO  THE  LONGITUDINAL  DYNAMIC 
CHARACTERISTICS 

The  correlation  studies  for  the  longitudinal  dynamic  characteristics  indicate  that  the 
wing-body  contribution  is  too  large  for  configurations  that  have  horizontal  tails.  In  some 
cases  the  wing-body  values  are  of  the  same  magnitude  as  the  tail  terms.  Past  exper¬ 
ience  has  indicated  the  wing-body  contribution  is  approximately  ten  percent  of  the 
tail  terms.  Further  studies  are  required  to  develop  a  more  adequate  data  base  to 
provide  guidance  in  modifying  the  methodology. 

3.9  CONFIGURATION  REPRESENTATION 

The  results  of  the  correlation  studies  depend  on  how  adequate  the  configuration  can 
be  described.  It  was  evident  from  the  present  study  that  it  is  mlremely  difficult  to 
find  test  data  that  systematically  varied  configuration  parameters  and  present  suffi¬ 
cient  description  of  the  test  model.  The  NASA  reports  are  the  only  source  that  has 
sufficient  data  to  perform  the  required  parametric  variation.  The  configuration  des¬ 
criptions  are  not  complete  in  the  references  and  the  user  has  to  scale  the  small  draw¬ 
ing  in  the  report  to  obtain  the  desired  input  data.  This  procedure  introduces  errors 
into  the  correlations  that  must  also  be  considered  in  the  methodology  evaluation. 

3.10  METHODOLOGY  UTILIZATION 

It  is  apparent  from  the  previous  discussions  that  the  inaccuracies  of  the  correlations 

are  not  traceable  to  one  particular  source.  Many  of  the  items  of  Sections  3. 1-3. 9 

and  others  that  are  not  as  visible,  are  compounded  for  some  aerodynamic  characteristics. 
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It  is  imperative  that  care  should  be  taken  in  making  judgements  on  the  validity  of  any 
methodology  developed  on  a  limited  data  base  as  much  of  the  current  methodology  in 
the  DATCOM  has  been.  When  adequate  correlations  have  been  conducted  and  care¬ 
fully  analyzed,  the  methodology  usually  provides  adequate  results.  A  good  example  is 
the  lift  curve  slope  for  which  many  years  of  study  has  gone  into  the  development  of 
the  methodology. 

The  estimating  techniques  of  the  Flying  Qualities  Program  should  receive  more  ex¬ 
posure  and  evaluation  before  a  conclusive  decision  be  made  as  to  its  validity  as  a 
tool  to  be  utilized  in  a  predesign  environment. 

Even  though  the  correlation  studies  have  indicated  the  accuracy  levels  are  not  as  good 
as  the  user  would  like,  the  Flying  Quality  Programs  utility  for  application  in  prelim¬ 
inary  design  is  unique.  In  the  past  the  engineering  analyst  would  have  had  to  utilize 
the  same  methodology  and  perform  cumbersome  hand  computations  to  provide  a  data 
base  to  perform  aircraft  handling  qualities  analysis.  The  FQP  has  mechanized  these 
computations  which  allows  the  user  to  rapidly  and  economically  evaluate  aircraft 
configurations. 

Viable  uses  of  the  Flying  Qualities  Program  are  demonstrated  in  (1)  providing  initial 
estimates  of  early  predesign  configurations,  (2)  evaluation  of  effects  of  configuration 
changes  from  a  known  data  base,  (3 )  quick  analyses  of  a  configuration  to  provide  guid¬ 
ance  to  the  designer  in  configuration  definition  studies.  These  applications  have  suc¬ 
cessfully  been  applied  by  Convair  Aerospace  in  their  Cruise  Missile  and  VFAX  air¬ 
craft  definition  studies. 
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SECTION  4 
BIBLIOGRAPHY 

The  bibliography  is  divided  into  eight  categories  as  listed  b*low: 

1.  High  Lift  Characteristics 

2.  Propeller  Characteristics 

3.  Straight  Tapered  Wing  Configurations 

4.  Non-Straight  Tapered  Wing  Configurations 

5.  Horizontal  Tail  Effects 

6.  Vertical  Tail  Effects 

7.  Canard  Configurations 

8.  Ventral  Effects 

The  number  of  variables  that  were  considered  in  the  study  and  the  constrained  sched 
ule  did  not  allow  every  data  reference  to  be  analyzed. 
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